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PREFACE 


Viso 

U b'7 

v.a 


This is volume 2 of a two-volume training course. This 
course was written for men of the Navy and Naval Reserve 
who are studying for advancement to the rates of Torpedo- 
man^ Mate 3 or 2. When supplemented by practical 
experience in the maintenance and repair of torpedoes, it 
will help the Torpedoman^ Mate to meet the qualifications 
for advancement in rating. The qualifications for advance¬ 
ment in rating are listed in appendix II of this volume. 

This volume covers electricity and the electric torpedo, 
torpedo maintenance and overhaul, torpedo tubes and fire 
control, and depth charges. Volume 1 of this course 
(NavPers 10155) is an introduction to air-steam torpedoes. 
It covers basic principies, repair shop tools and equipment, 
and explosives. It describes the various parts of the torpedo, 
and explains their operation and nomenclature. 

This book is one of a series of Navy Training Courses. It 
was prepared for the Bureau of Naval Personnel by the U. S. 
Navy Training Publications Center, Washington 25, D. C. 
The Center is indebted to personnel of the Bureau of Ord- 
nance who checked the manuscript for technical accuracy. 
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ELECTRICITY 

We can’t teli you how much you’11 have to know about 
electricity. It all depends on your assignments. If you make 
a career of steam torpedoes, you can get by with little 
knowledge of electricity. If you spend most of your time oa 
homing torpedoes, you’11 have to become an electronics 
expert. 

But we can make a prediction about the written examina- 
tion you’11 take before you advance in rating. You will 
probably be expected to know three things: 

1. How to use simple meters to measure voltage, current, 
and resistance. 

2. How to calculate voltage, current, and resistance in 
simple circuits. 

3. How to take care of the storage batteries in electric 
torpedoes. 

In tbis chapter, we’ll run quiekly through the infonnation 
you’11 need foi 1 these three things. We won’t go beyond the 
basic principies. If you’re already familiar with basic elec¬ 
tricity, you can use this chapter for a quick review. If you’re 
a beginner, you may need more detailed information than 
we can give you here. This chapter will show you where 
you need further study. At the end of the chapter we will 
list several books that you will find helpful. 
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ELECTRIC CURRENT 


YouVe already learned several things about electricity. 
Here’s a quick reminder. 

1. Ali matter is made up of atoms. 

2. All atoms are made up of smaller particles. Some of 
these particles have positive electrical charges; others have 
negative charges. 

3. The positive charges are locked up in the center, or 
nucleus of the atom. The negative charges are electrons 
that move around the nucleus more or less like the planets 
move around the sun. 

4. Normally, an atom has the same number of negative 
charges as it has positive charges. The atom as a whole is 
then neutral, and has no charge. 

5. If you remove an electron, or negative charge, from an 
atom, the atom will then be left with a positive charge. If 
you add an extra electron, the atom will have a negative 
charge. (Remember that you can’t add or remove positive 
charges, because they are locked in the nucleus. You can 
only add or remove electrons.) 

6. Two objects with the same electrical charge (either 
positive or negative) will repel each other. Two objects 
with different electrical charges will attract each other. 

Now let’s go on from there. You remember that you can 
store an electric charge in a Leyden jar by adding electrons 
on one foil and removing them from the other. When you 
connect the two foils by a piece of wire, the jar discharges. 
What actually happens when the jar discharges? The 
negatively charged foil, you remember, has more than the 
normal number of electrons. The extra electrons move 
through the wire to the positively charged foil—the one 
with less than the normal number of electrons. This move- 
ment of electrons through the wire is an Electric current. 

Of course a Leyden jar is a very inefficient source of 
electric power. On shipboard we use a generator or a battery. 
But no matter what power source we use, there’s one thing 
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you can know for sure about an electric current: It consists 
of moving electrons. 

A Leyden jar will discharge instantly if you connect its 
foils with a piece of copper wire. But what happens if you 
connect them with a piece of rubber hose? Notfring happens. 
The wire will carry an electric current; the rubber hose 
will not. 

Many substances, most of them metals, will carry an 
electric current. We call these substances conductors. 
Silver, copper, and aluminum (in that order) are good 
conductors. Other substances, mostly nonmetals, will not 
carry an electric current, and we call these substances 
insulators. Porcelain, glass, and rubber are all good 
insulators. (Some substances are neither good conductors 
nor good insulators; they will carry small currents. Some 
of these substances are useful in electric circuits, but we 
won*t go into them here.) 

What happens when a conductor carries a current? No- 
body knows for certain, but the best guesses go like this. 
Let’s say that you connect one end of a copper wire to a 
negatively charged object—for example, the negative pole 
of a dry cell. Because this pole is negative, you know that 
it has a surplus of electrons. These electrons repel some of 
the electrons on the copper atoms, and push them along the 
wire. (Like charges repel each other.) These electrons in 
turn repel others. This action continues down the wire 
until the whole wire has a negative charge. And then the 
action stops. When the wire has a negative charge it will 
accept no more electrons from the battery, because like 
charges repel each other. 

Now let’s say that you connect the free end of the wire to 
the positive pole of the dry cell. Because unlike charges 
attract each other, electrons will flow from the wire to the 
positive pole. Now more electrons can flow in from the 
negative pole. And as long as one pole of the cell is positive, 
and the other negative, a current will flow through the wire. 
(Since you have a direct “short circuit” across the cell, the 
cell will soon run down; then no more current will flow.) 
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Why does a current flow through a conductor, but not 
through an insulator? This is a reasonable guess: in a 
conductor, the outer electrons of the atoms are “loose,” and 
other electrons can push them off easily. In an insulator, ali 
the electrons are held tight. 

In many books on electricity, the author makes his points 
ciear by comparing an electric current to a current of water 
flowing through a pipe. This is a useful idea if you don’t 
carry it too far; electricity doesn’t always act like water, and 
there’s no reason why it should. But, as youfll see, the 
comparison is sometimes helpful. Figure 1-1 compares the 
currents in a simple electric circuit and a simple arrangement 
of water pipes. 




Figure 1-1.—Electric current and water flow. 


Notice that in the drawing we show the electric current 
flowing from the negative terminal to the positive terminal. 
Of course the electrons flow in that direction. But many 
years ago, before anyone knew that an electric current was 
made of moving electrons, people decided that the current 
flows from positive to negative. Many books, especially 
the older ones, stili say that current flows from positive to 
negative. Books on electricity give you a number of rules; 
for example, a rule for finding the north pole of an electro- 
magnet. To follow the rules, you have to know which way 
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the current if flowing. Before you try to use any of these 
rules, read carefully to find out whether the author assumes 
that current flows from negative to positive, or from positive 
to negative. This is a confusing situation, and a nuisance, 
but nothing can be done about it. 

Unit of Quantity 

To find out how much electricity flows in a circuit, we 
have to have a unit of quantity. In the water circuit, our 
unit of quantity would be the gallon, or maybe the quart or 
pint. In an electric circuit, we might use the electron as a 
unit. But a more convenient unit of electrical quantity is 
the coulomb. In case you’re curious, there are 6.3 billion 
billion electrons in a coulomb. 

Unit of Current 

It isn’t usually helpful to know the amount of electricity. 
We’re much more interested in the strength of the current. 
To measure that, we need a new unit. Let’s go back to the 
water system again. If ali we know is that a gallon of water 
flows through the circuit, we can’t teli anything about the 
strength of the current. If a gallon of water passes a given 
point every second, we have a strong current; if it takes an 
hour for a gallon to pass a given point, we have only a 
trickle of current. In the water circuit, our unit of current 
might be gallons per second, or gallons per minute, or gallons 
per hour. In electricity the basic unit is coulombs per 
second, but we have a special name for it. When one 
coulomb of electricity passes a given point each second, we 
say that a current of one ampere is flowing. 

Unit of Pressure 

In our water system, we would probably choose pounds 
per square inch as our unit of pressure. Let’s suppose that 
we install a pressure gage at some point along the pipe, and 
let’s suppose the gage reads 4 psi. What does that mean? 
It means that the pressure inside the pipe, at that point, is 4 
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psi higher than the pressure of the air outside the pipe. But 
to get information about the circuit itself, it would be more 
useful to compare the pressure at two points inside the 
circuit. Let’s say that a gage at the pump intake reads 2 
psi, and that a gage at the pump outlet reads 6 psi. Then 
we can say that the pump develops a pressure of 4 psi. (To 
make this measurement with a single instrument, we could 
use a manometer—a U-shaped tube partly filled with mer- 
cury. We could connect one end of the tube to the pump 
intake, and the other to the pump outlet. Then, if we had a 
suitably calibrated scale beside the mercury column, we 
could read the pressure developed by the pump.) 

The unit of electrical pressure is the volt. A dry cell, if 
it’s in good condition, will develop a pressure of 1.5 volts. 
Another name for electrical pressure is electromotive 
force —a force that tends to make electrons move. It’s 
abbreviated emf. Stili another name for it is potential. 
We might say that a dry cell develops an emf of 1.5 volts, or 
an electric potential of 1.5 volts. In actual practice, we 
usually use the term emf to refer to the pressure developed 
by a battery or a generator. As you’11 see later, we often 
use the term potential when we talk about the difference in 
voltage between two points within the circuit. 

Unit of Resistance 

If your water pump (fig. 1-1) develops a pressure of 4 
psi, how strong a current will flow through the pipe? Of 
course we can’t answer that unless we know how much 
resistance the pipe offers to the flow of water. And that 
depends on the length and diameter of the pipe, and how 
rough it is, and how sharp the bends are. Here’s where the 
comparison between water and electricity begins to fall 
down. So far as we know, there is no unit for the resistance 
of a pipe. 

If the dry cell in figure 1-1 develops an emf of 1.5 volts, 
how much current will flow through the wire? We can’t 
answer that question either, unless we know the resistance of 
the wire. The unit of electrical resistance is the ohm. The 
resistance of a conductor depends on a number of things: 
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Length. The longer the conductor, the higher its resist- 
ance. If ali the other factors are equal, a 4-foot wire will 
have exactly twice the resistance of a 2-foot wire. 

Diameter. The greater the diameter of a conductor, the 
lower the resistance. (The resistance varies inversely as the 
cross-sectional area, or the square of the diameter. Thus, if 
all the other factors are equal, a wire 1 mm. in diameter will 
have four times the resistance of a wire 2 mm. in diameter.) 

Kind of Material. If the other factors are equal, a 
copper wire will have a higher resistance than a sil ver wire; 
an aluminum wire will have a higher resistance than a 
copper wire; an iron wire will have a higher resistance than 
an aluminum wire, etc. 

Temperature. In general, the higher the temperature, 
the higher the resistance. This isn’t always true, but it 
applies to every conductor you’re likely to find in electric 
circuits, including copper wire, lamp filaments, carbon 
resistors, vacuum tube filaments, etc. 

Larger and Smaller Unito 

In many circuits, the basic units—amperes, volts, and 
ohms—are too big or too small to be convenient. We can 
make bigger or smaller units by borrowing four prefixes from 
the metric system. Here they are, with their meanings: 
kilo—thousand 
meg (or mega)—million 
milii—thousandth 
micro—millionth 

Now, by combining these prefixes with the basic units, we 
have 12 new units: 

kiloampere—one thousand amperes 
megampere—one million amperes 
*milliampere—one-thousandth of an ampere 
*microampere—one-millionth of an ampere 
*kilovolt—one thousand volts 
megavolt—one million volts 
*millivolt—one-thousandth of a volt 
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microvolt—one-millionth of a volt 
kilohm—one thousand ohms 
*megohm—one million ohms 
milliohm—one-thousandth of an olim 
. microhm—one-millionth of an ohm 

WeVe put an asterisk before the units you’ll use most 
often. Some of them you may never use; you’11 probably 
ne ver run across a resistance small enough to measure in 
microhms, or a current large enough to measure in mega- 
amperes. But if you learn the four prefixes, you’11 recognize 
ali these units when you see them in print. 

Schematic Diagrams 

The right-hand part of figure 1-1 is a simple wiring dia- 
gram. In a wiring diagram, the various parts of the circuit 
are represented by actual drawings; and the parts are 
arranged to show their actual position in the instrument. 
Wiring diagrams are helpful for beginners. Later on, you’11 
find schematic diagrams more useful. In a schematic dia¬ 
gram, the various parts of the circuit are represented by 
symbols, rather than pictures. And these symbols do not 
necessarily show the actual position of the parts; the diagram 
is intended only to show how the parts are connected. You 
can pack a lot more information into a schematic diagram 
than you can into a wiring diagram. Figure 1-2 is a very 
simple schematic diagram. 

The stack of long and short lines at the left of the diagram 
is the symbol for a battery—several cells connected in series. 
(One short and one long line would represent a single cell.) 
The end with the short line (at the top in fig. 1-2) represents 
the negative pole of the battery; the end with the long line 
is the positive pole. 

The zigzag line at the right is the symbol for a resistance. 
This circuit has only two elements, a battery and a resist¬ 
ance. The other lines in the diagram show how these two 
elements are wired together in the circuit. 
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Besides the diagram are three statements about the Cir¬ 
cuit. This is what the abbreviations mean: 

E —electromotive force (emf) 
v —volts 
I —current 

amps. (or just a)—amperes 
R —resistance 

12 (the Greek letter omega)—ohms 



The three statements about the circuit say this: The emf 
developed by the battery is 12 volts; the resistance is 6 
ohms; the current is 2 amperes. (The wires in the circuit 
have a resistance too, although tlie diagram doesn’t mention 
it. In simple circuits like this one, the resistance of the 
wires is so small that you can ignore it.) 

OHM‘S LAW 

Look at figure 1-2 again. Suppose that without changing 
the resistance, you remove tlie 12-volt battery and replace it 
with a 24-volt battery. Hovv would that affect the current? 

If there’s any doubt in your mind, turn back to tlie water 
circuit in figure 1-1. The pump, you remember, develops 
a pressure of 4 psi. Suppose that, without changing the pipe 
.in any way, you substitute a pump that develops 8 psi. 

9 

325961 55 - 2 



How would that affect the water current through the pipe? 
Naturally the current would be stronger. And suppose that, 
without changing the pump, you substituted a smaller, 
rougher pipe. Then, of course, the current would be weaker. 

In electric circuits, the emf and resistance affect the current 
in the same way that pressure and resistance affect the water 
current: 

With a given emf, if you increase the resistance you de- 
crease the current; if you decrease the resistance the current 
will increase. 

With a given resistance, if you increase the emf the current 
will increase; if you decrease the emf the current will 
decrease. 

In any circuit, if you want to increase the current you can 
do either of two things: you can increase the emf, or you can 
use a smaller resistance. 

In any circuit, if you want to decrease the current you 
can do either of two things: you can decrease the emf, or 
you can use a larger resistance. 

Shortly before the year 1800, a German named Ohm 
studied the relationship between emf, current, and resistance. 
He made an exact statement of this relationship, in a simple 
formula. ohm’s law says: 



If you put that into words, it says this: The current (in 
amperes) is equal to the emf (in volts) divided by the resist¬ 
ance (in ohms). If you’ve studied algebra, you see that 
there are two other ways to state the same relationship: 



which says that the resistance (in ohms) is equal to the emf 
(in volts) divided by the current (in amperes); and 

E=IR 

which says that the emf (in volts) is equal to the current (in 
amperes) times the resistance (in ohms). 

When you analyze a simple circuit, you’11 find Ohm J s law 
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very useful. And a few years from now, when you’re working 
on the complicated circuits of homing torpedoes, Ohrn^s law 
will stili be one of your most useful tools. Memorize the law 
now, in all three forms. And learn it so thoroughly that 
you can write it down without a momenti hesitation. 

Using Ohm'$ Law 

In figure 1-2, weVe stated the value of the emf, the resist- 
ance, and the current. Now let’s assume that you have an 
actual circuit like this one, wired up on your work bench. 
And let’s assume that you don’t know any of the three values. 
How can you find them? One way, as you’ll see later, is to 
measure them with meters. You can measure the emf with 
a voltmeter, the current with an ammeter, and the resist- 
ance with an ohmmeter. 

But many times, in actual practice, you will know two of 
the values and want to find the third one. You can do so 
quickly by using Ohm’s law. In figure 1-2, let’s say that 
you know the emf—12 volts, and the resistance—6 ohms. 
You want to find the current by using Ohn^s law. Wliich 
of the three formulas will you use? Here’s the rule. Two 
of the quantities are known, and one is unknown; use the 
formula in which the unknown quantity appears on the 
left. For this problem, we’ll use the formula 



Now substitute the two known values in the formula, and 
solve for the unknown value. 



The current is 2 amperes. 

Here’s another problem. In a 6-volt lantern, the bulb 
draws a current of half an ampere. What is the resistance 
of the bulb filament? Since R is the unknown quantity, use 
the formula 
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Substitute the known quantities, and solve the equation. 



The resistance of the filament is 12 ohms. 

Now look at figure 1-2 again. Let’s say that you want to 
increase the current to 4 amperes. You can do that in either 
of two ways: by increasing the emf, or by decreasing the 
resistance. First, let’s keep the same battery, and decrease 
the resistance. What will be the value of the new resistance? 



Substitute and solve. 



The new resistance, 3 ohms, will give the required current. 

Now let’s say that we want to keep the same resistance in 
the circuit, but increase the current to 4 amperes by using a 
bigger battery. What will be the emf of the new battery? 
Since E is the unknown quantity, use the formula 

E=IR 

Substitute and solve. 

#=4X6 = 24 

To increase the current to 4 amperes, we’ll have to use a 
24-volt battery. 


SERIES AND PARALLEL CIRCUITS 

The scliematic diagram in figure 1-2 represents the sim- 
plest kind of circuit. Except for the battery, it has only 
one element—the resistance. But most circuits have a 
number of elements. Even a quick look at a radio will show 
you a multitude of resistors, condensers, coils, transformers, 
and vacuum tubes, ali wired into the circuit. 

A number of elements may be wired into a circuit in either 
of two basic ways: in series, or in parallel. (Many of the 
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more complicated circuits will have some elements connected 
in series, and others in parallel. We’ll make that ciear a 
little later.) 

Series Circuits 

In a series circuit, ali the elements are connected “end 
to end.” The current goes through the first element, then 
through the second, then through the third, and so on. A 
good example of a series circuit is an old-fashioned string of 
Christmas tree lights. The current went through each bulb 
in turn. When one bulb burned out, or worked loose in its 
socket, no current could flow through that bulb. And since 
the current had to go through each bulb in turn, the whole 
string went dark. When you tightened the loose bulb, or 
replaced the burned-out one, the whole string went on again. 



Figure 1-3 is a schematic diagram of a series circuit with 
four resistances. WeVe numbered them so that we can 
talk about them individually later on. At the top of the 
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diagram, the A with a circle around it represents an ammeter. 
The needle on its dial shows how much current is flowing 
through the circuit. The points marked a , b, etc., represent 
bare spots on the wire, where you can touch the prods of a 
voltmeter to measure the voltage. 

All the resistances in figure 1-3 are in series; the current 
flows through R u then i? 2 , and so on down the line. Notice 
that the ammeter is also connected in series. Any current 
that flows through the resistances will also flow through the 
ammeter. (The ammeter, like the connecting wires, has a 
small resistance. But in this circuit the resistance of the 
meter is so low that you can disregard it.) 

Let’s assume that each of the resistances is one ohm. 
What’s the total resistance in the circuit?, Here’8 the rule: 

IN A SERIES CIRCUIT, THE TOTAL RESISTANCE IS EQUAL TO 
THE SUM OF THE INDIVIDUAL RESISTANCES 

So the total resistance in this circuit is 4 ohms. 

Now, let’s*say that E is 4 volts. Then what reading will 
we get on the ammeter? In a series circuit, you can find the 
current by using Ohm’s law, if you substitute the total 
resistance of the circuit for the R in the formula. 



Substitute and solve. 



The current in this circuit is one ampere, and the ammeter 
scale will show a reading of one ampere. That means, 
obviously, that one ampere is flowing through the meter. 
But how much current is flowing through Ri? Stili one 
ampere. Here’s the rule: 

THE SAME CURRENT FLOWS THROUGH EVERY POINT IN A 
SERIES CIRCUIT 

Let*s remove R u and leave an empty space there. How 
much current flows through the circuit now? None at all. 
If you open a series circuit at any point, no current will flow 
through any part of the circuit. 


Digitized by LjOOQle 



If you actually have a battery, some resistors, an ammeter, 
and a voltmeter, it will be very helpful to wire up the circuit 
shown in figure 1-3. Then, as we bring up each point, you 
can cheek it in your actual circuit. A little later we’11 go into 
detail about voltmeters. All you have to know now is this: 
the voltmeter has a calibrated scale, and a needle to show the 
voltage. A portable voltmeter will have two test leads, each 
ending in a metal prod that you can touch to various points 
in the circuit. One of the leads is usuallv colored black, and 
the other red. You touch the prod of the red lead to the more 
positive point, and that of the black lead to the more negative 
point. (If you reverse the leads, the needle will try to move 
backward.) 

Let’s use a portable voltmeter on the circuit in figure 1-3. 
(Remember that E is 4 volts, and each resistance is one ohm.) 
Here’s your first problem: what’s the voltage at point a? 
Don’t work too hard on this one, because we’ll give you the 
answer: as it stands, the question is meaningless. Touch 
the red prod of your voltmeter at point a. The meter will 
give no reading. Try the black prod. Stili no reading. 
Now try both prods together on point a. No reading. 

A voltmeter measures the difference in potential between 
two different points in a circuit. It’s meaningless to 
speak of the potential or voltage at any point unless youVe 
comparing it with some other point. 

Now put the red prod on b, and the black one on a. The 
voltmeter gives a reading of 4 volts, showing that the battery 
is applying an emf of 4 volts to the circuit. Let’s take point 
b as our point of reference, and call its voltage zero. (To 
analyze a circuit, you can take any point in the circuit as a 
point of reference, and assume that its potential is zero. 
You can then measure the voltage at any other point by 
comparing it with your point of reference. In a radio, 
or any other circuit mounted on a metal chassis, it’s usually 
convenient to take the chassis itself as the point of reference. 
And you’11 often find that some points are more negative 
than the chassis, while otliers are more positive.) 

Getting back to figure 1-3, where b is the point of reference 
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with zero potential, what is the potential of point d? Now 
we can give a sensible answer: the potential at a is 4 volts 
negative, or minus 4 volts. 

Since the potential at b is zero and the potential at a is 
minus 4, you can see that as the current flows around the 
circuit, the potential drops from minus 4 to zero. The total 
voltage drop around the circuit is 4 volts. That’s the same 
as the emf supplied by the battery. Here’s a rule to 
remember: 

THE TOTAL VOLTAGE DROP AROUND A SERIES CIRCUIT IS 
EQUAL TO THE APPLIED VOLTAGE 

(That’s one of KirchofTs laws, in case anybody asks you.) 

Let’s put some of these rules to work. Whafs the 
voltage at point e (stili using point b as zero)? If you put 
the black voltmeter prod on e and the red one on 6, you’11 
get the answer quick: the potential at e is minus 2 volts. 
How can we calculate that? The total drop is 4 volts, and the 
total resistance is 4 ohms. Between points a and e are 
2 ohms—half the total resistance. Therefore the voltage 
drop between these points is half the total voltage drop. 
Between a and e, the potential drop is 2 volts—from minus 
4 to minus 2. 

Whafs the voltage at point d? Between a and d is three- 
fourths of the total voltage drop. The voltage drops from 
minus 4 to minus 1, and the voltage at point d is minus 1. 
Whafs the voltage at point /? By using the same reasoning, 
you’11 find that the voltage at / is minus 3. 

Now here’s a slightly different problem. What’s the 
voltage drop across across i? 2 ? We might solve that by 
finding the voltage at point / (minus 3) and at point e (minus 
2) and subtracting. Then the voltage drop across R 2 is one 
volt. Or we can say that since i ? 2 is one-fourth of the total 
resistance, the voltage drop across it is one-fourth of the 
total voltage drop. And one-fourth of four is one. 

This method of calculating potentials and voltage drops 
works very well when ali the rosistances are the same. 
But when they’re ali different, it leads to some complicated 
arithmetic. It’s usually simpler to use Ohn^s law. Let’s 
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use OhnPs law to find the voltage drop across R 2 . We’ve 
already found that the total current, and therefore the cur¬ 
rent through i? 2 , is one ampere. And we know that R 2 is 
one ohm. What/s the voltage across R 2 1 Since E is the 
unknown quantity, use the formula 

E=IXR 

Substitute and solve. 

£=1X1 = 1 volt 

No matter which metliod we use to find the voltage drop 
across R 2i you can check it quiekly with your voltmeter. 
Put the red prod at e and the black one at/. The meter will 
show a reading of one volt. 

Let’s go back to figure 1-3 and change the values. E is 
now 10 volts; R t is one ohm; R 2 is 2 ohms; R 3 is 3 ohms; and 
i? 4 is 4 ohms. Now what’s the voltage drop across R 2 ? 
First, find the current. E is 10 volts. The total resistance 
(add them up) is 10 ohms. Then, by Ohm’s law, the current 
is one ampere. Now apply Ohm’s law to R 2 . 

E=IXR= 1X2=2 volts 

Using the same values, what is the voltage at point d? 
To find that, ali we need to know is the voltage drop across 
/? 4 . By using OhnPs law, we find that it’s 4 volts. Then d 
is 4 volts more negative than 6, and the voltage at d is minus 
4. 

It would be a good idea now to make up some new problems 
of your own, using different values for E and for each of the 
four resistances. Work at it until it seems easy. 

There are two more things we can leam from figure 1-3. 
Suppose you open the circuit at a by disconnecting the wire 
from the negative pole of the battery. Now what’s the 
voltage drop across R x ? You know that the current be- 
comes zero as soon as you open the circuit. If you apply 
OhnPs law to i?i, using zero current, you’11 find that the 
voltage drop is zero. (You can check that with your volt¬ 
meter, by touching the prods to points/'and g.) The rule is: 
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WHEN NO CURRENT IS FLOWING THROUGH A RESISTANCE 
THERE IS NO VOLTAGE DROP ACROSS THAT RESISTANCE 

But, on the other hand, 

WHEN CURRENT FLOWS THROUGH A RESISTANCE THERE IS A 
VOLTAGE DROP ACROSS THAT RESISTANCE 

One final question about figure 1-3. With the circuit 
closed and current flowing, touch one prod of the voltmeter 
to b and the other to c. What reading do you get? The 
answer is zero. (We’re assuming that the wire itself has 
no resistance.) Here’s one more rule: 

A VOLTAGE DROP CAN OCCUR ONLY ACROSS A RESISTANCE 

Where the resistance is zero, there is no voltage drop. 

Parallel Circuit* 

Modern Christmas tree lights are less annoying than the 
old kind; when one light goes out, the others keep burning. 
The modern lights are connected in parallel. In a parallel 
circuit, each element is connected independently to the 
power source. Figure 1-4 shows a circuit with two resist- 
ances connected in parallel. 



In tliis circuit, .E is 4 volts and eacli of the two resistances 
is 2 ohins. Wliafs the voltage drop from b to a? Since 
ali the resistance in the circuit is betwecn b and a, the drop 
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between these points is equal to the applied emf—4 volts. 
Then what’s the voltage drop across R X 1 Since there is no 
drop in the wires leading to it, the drop across R x is the 
same as the drop between b and a —4 volts. Then how 
much current flows through R X 1 Use Ohn^s law: 

E 4 

I= ft = 2 =2 amps * 

By the same method, you can find that the current through 
i? 2 is also 2 amps. Then how much current flows through 
point 6? The current through b is the current through R Xl 
plus the current through R 2 . So 4 amperes are flowing 
through b . When resistances are connected in parallel, 

THE TOTAL CURRENT IS EQUAL TO THE SUM OF THE 
INDIVIDUAL CURRENTS 

What is the total resistance between points b and a ? 
Use Ohm’s law again. The current between these points 
is 4 amps., and the voltage drop is 4 volts. Then 

R=~=-=\ ohm 
1 4 

The total resistance is less tlian either R x or R 2 . Tliat’s 
what you would expect. When the current can divide and 
go through two resistances, it can get through easier than 
if it had only one path to follow. 

Here is a formula for finding the total resistance in a 
parallel circuit : 


R R x R 2 R% 


etc. 


R is the total resistance. The “.etc.” means that 

you use as many terms as there are resistances in parallel. 
If we apply this formula to figure 1-4, to find the total resist¬ 
ance between b and then 


J_ = J_ 

R~R X 


+ h 
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Substitute the known values and solve: 


i=i+i= i 

R 2'2 


R =1 



Figure 1-5.—A parallel Circuit with four resistances. 

Figure 1-5 shows a circuit with four resistances in parallel. 
What is the current through i? 3 ? The voltage drop across 
i ?3 is the same as the applied voltage—48 volts. The 
resistance of i? 3 is 12 ohms. Then, by Ohn^s law, we find 
that the current through i? 3 is 4 amps. 

What is the total current in this circuit? There are two 
ways to find out. We could find the current in each of the 
four resistances, then add them up. Or we could find the 
effective resistance of the four elements, and use Ohn^s 
law. 

Let’s use the second method. Use the formula for parallel 
resistances: 

_1 __1_,_ 1 _,_1_ . J_ 

R i?, R* R^ R t 

Substitute the known values. 

i=44J_ + j_ 

R 4‘8^12^24 

Add the fractions, and solve for R: 

1_ 6 3 2 1 

R 24 + 24 + 24 + 24 
J. = 12_l 
R 24 2 
R=2 
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The effective resistance in the circuit is 2 ohms. The 
applied emf is 48 volts. By using Ohm’s law, we find that 
the current is 24 amps. 

Now practice with parallel circuits by making new sketches 
like figure 1-5. But substitute new values for E, and for 
each of the four resistances. Then find the effective resist¬ 
ance, the total current, and the current through each 
resistance. Check your work by adding the individual 
currents, to see if they equal the total current. Keep 
practicing until the whole thing seems easy. 

Series-Parallel Circuits 

A series-parallel circuit, as you might guess, is a circuit 
in which some elements are connected in series, while others 
are connected in parallel. Figure 1-6 is an example. 



In this circuit and R 2 are connected in parallel, and 
this parallel combination is connected in series with R z . 
For a sample problem, find the voltage drop across R z . We 
can easily calculate the voltage drop across a known resist¬ 
ance if we can find out how much current is flowing through 
it. And since R z is connected in series, the current that 
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flows through it is the total current in the circuit. And we 
can calculate the total current if we can find the total effec¬ 
tive resistance. 

First, consider the parallel circuit— R x and R 2 . To find 
the effective resistance of this combination, use the formula: 


Substitute and solve: 


I = J_ + _L 

R R\ ' R 2 


J_ = l 1 = 2 1 = 3 = 1 
R 3 + 6 6 + 6 6 2 
R= 2 


And since the effective resistance of the parallel circuit is in 
series with i? 3 , add them up: 

2 ohms+3 ohms=5 ohms 

The total resistance of the circuit is 5 ohms. Then, by using 
Ohn^s law, we can find the total current: 

r 10 o 
i=-r-= 2 amps. 

The current through /? 3 is the same as the total current— 
2 amps. Now you can use Ohn^s law to find the voltage 
drop across i? 3 : 

E=IXR= 2X3 = 6 volts 

Practice with the circuit in figure 1-6 by using new values 
for the resistance and the emf. Make up vour own problems. 

Figure 1-7 shows a fairly complicated series-parallel circuit. 
What's the potential drop across i? 8 ? You won’t be required 
to work problems like this one. Your qualifications for ad- 
vancement in rating say that you must analyze series and 
parallel circuits with not more than four elements. This 
circuit has nine. Butyou ha ve all the information you need 
to analyze this circuit if you want to. 

How would you go about solving this problem? Simply 
by brcaking it up into smaller problems. First, consider 
only the circuit between a and b. R b and i? 6 are two resist- 
ances in parallel. You can use the formula to find the 
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effective resistance of tliese two—6 ohms. (We’re going to 
give you the answers as we go along; but it would be a good 
idea for you to check them by aetually using the formulas.) 

Next, consider the parallel circuit made up of R b R 2 and 
R z . By using the formula, we find that the effective resist¬ 
ance of this combination is one ohm. And the combination 
is in series with R iy so add the resistance of to the effective 
resistance of R u R 2 , and R z . 

Now the circuit between a and 6 is a simple parallel circuit 
with 6 ohms in each branch. Using the formula again, we 
find that the effective resistance between a and b is 3 ohms. 

Between b and c we ha ve another parallel circuit with 6 
ohms on each side. The formula shows that its effective 
resistance is 3 ohms. 

Since there are 3 ohms between a and b, and 3 ohms be¬ 
tween b and c, the total effective resistance of the whole 
circuit is 6 ohms. Then, by Olimus law, we find that the 
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total current is 2 amperes. So we have 2 amperes flowing 
through the circuit between 6 and c. The effective resistance 
of this circuit is 3 ohms. We can use Ohn^s law to find that 
the voltage drop from 6 to c is 6 volts. 

Now all you have to think about is the series combination 
of Rg and R g . Here we have a total resistance of 6 ohms, 
with a potential drop of 6 volts across it. The current 
through Rg and R 9 , then, is one ampere. The resistance of 
Rg is one ohm, and one ampere is flowing through it. Then, 
using Ohn^s law, we find that the drop across Rg is one volt. 
That’s the answer to our problem. 

(Maybe you’ve noticed that in the problems you make up 
for yourself, the answers usiially come out in fractions. And 
in the problems we give you, the answers come out in whole 
numbers. Why? Because weVe rigged all the problems to 
make them work out neatly. The problems you’11 meet in 
the torpedo shop will rarely work out as neatly as the prob¬ 
lems you meet in textbooks.) 

RESISTORS 

In any shop that handles homing torpedoes, you’11 find 
a large stock of resistors. When you need a certain resistance 
at some point in a circuit you’re working on, you will select 
a suitable resistor from stock, and solder it into the 
circuit. There may be several hundred different kinds of 
resistors in the shop. For any given job, you’11 have to 
select the one right kind of resistor. 
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Fixed Resistors 


Resistors are of two basic types— fixed, and vari- 
able. You can change the resistance of the variable 
resistor, within certain limits. 



Figure 1-9.—Color code on o rodial resistor. 

The carbon resistor is probably the most common kind of 
fixed resistor. It’s made by mixing granular carbon with 
elay, rolling the mixture into a cylinder, and baking it into a 
solid mass. The higher the percentage of clay in the mixture, 
the greater the resistance will be. Figure 1-8 illustrates ths 
axial form of carbon resistor. The two wire leads extend 
from the two ends of the cylinder. Figure 1-9 shows the 
radial or “dog bone” form of carbon resistor. 

Color Code 

Resistors are made in many different resistance values— 
from a fraction of an ohm up to 20 megohms or more. 
Every carbon resistor is marked with areas of color, to 
indicate its resistance. If you memorize the code, and know 
how to use it, you can instantly read the value of any carbon 


resistor you pick up. 

Here’s the code: 


BLACK. _ 

0 

GREEN -- 

_ 5 

BROWN- _ - . 

1 

BLUE _ _ 

_ 6 

RED. 

.. 2 

VIOLET. __ 

_ 7 

ORANGE_ 

3 

GRAY 

_ x 

YELLOW 

4 

WHITE-- _ 

_ 9 

To see how the code works, look at the radial resistor in 
figure 1-9. There are three different colors on it: the body 
of the resistor (marked 1), the end of the resistor (marked 2), 


325961° -55 
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and a dot (marked X). This is what the three colors 
mean: 

body —first digit 
end —second digit 

dot —number of zeros to be added to the first two digits 

Note carefully the order in which you read the color 
areas: body, end, and dot. Thafs easy to remember if you 
note the initial of each word, and remember the word bed. 

If the body color is green, you know that the first digit of 
the resistance is 5. If the end color is yellow, you know the 
second digit is 4. There you have the first two digits—54. 
If the dot is red, which stands for 2, you know that you have 
to add two zeros after the first two digits. Then the value 
of this resistor is 5,400 ohms. 

Here’s another example: 

body —red 
end —green 
dot —yellow 

Red means 2, and green means 5. The yellow dot telis 
you to add 4 zeros. Then the value of this resistor is 250,000 
ohms. 

Try one more: 

body —brown 
end —green 
dot —black 

Brown means 1, and green is 5. How many zeros do you 
add? Black stands for zero; you add zero number of zeros. 
The resistance is 15 ohms. Remember this: Whenever the 
dot is black, the resistance is less than 100 ohms. 

Suppose you can’t find any dot? That means simply that 
the dot is the same color as the body. Try this: 

body— yellow 

end —none (yellow, same as body) 
dot —none (yellow, same as body) 

The whole resistor is yellow. So you read: body—4; end— 
4; dot—4 zeros. And the resistance is 440,000 ohms. 
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If you find a splotch of silver anv place on the resistor, it 
means the tolerance is 10 percent. In othei words, the 
actual resistance is within 10 percent of the value shown by 
the color code. If there’s a gold splotch, the color code 
shows the actual resistance within 5 percent. If there’s no 
gold or silver, the tolerance is 20 percent. 

Color Code on Axial Resistor* 

Axial resistors use the same color code, but the colors 
are arranged in bands, starting near one end. With axial 
resistors, you ignore the body color. Figure 1-10 shows two 
axial resistors, one with three bands of color and one with 
four. 



I 2 X Z 

Fisure 1-10.—Color code on axial resistors. 


The first band—the one nearest the end of the resistor— 
shows the first digit. The second band shows the second 
eligit, and the third shows the number of zeros to be added. 
The fourth band, if there is one, indicates the tolerance: 
silver, 10 percent; gold, 5 percent. If there are only three 
bands of color, the tolerance is 20 percent. If you know the 
code, it , s hard to make a mistake in reading an axial resistor. 
But remember this: always start with the band nearest the 
end, and read inward. 
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Wire-Wound Resistors 


Figure 1-11 shows what wire-wound resistors look like. 
They’re considerably bigger than carbon resistors. Most of 
tliem are provided with solder lugs, rather than wire leads. 




Wire-wound resistors are made by winding a high-resistance 
wire on a porcelain tube, and covering it with another coat 
of porcelain. There is no color code on a wire resistor. 
Sometimes you’11 find the value printed or stamped on the 
body. Usually you’11 find it printed on a small metal or 
paper tag attached to the resistor. 

Power Rating of Resistors 

The unit of electrical power is the watt. If a circuit ele- 
ment carries one ampere of current, with a potential drop of 
one volt, then it consumes one watt or power. Here’s the 
formula: 

P=EXI 

When current flows through a resistor, there is a voltage 
drop across the resistor. And tlierefore the resistor consumes 
power. Here’s an example. The voltage drop across a re¬ 
sistor is 50 volts; the current passing through it is 20 milli- 
amps. How much power does the resistor consume? Use 
the formula, and substitute the known quantities. Then 
P= 50X0.020=1 watt 

(Note that we use 0.020, rather than 20, for the current. 
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Remember that the current must be stated in amps., not 
milliamps.) 

If a resistor consumes power, what does it do witli it? It 
turns it into heat. Naturally, it has to get rid of this heat. 
It does so by conducting it, and radiating it, to the surround- 
ing air. What will happen if a resistor turns electric energy 
into heat faster than it can dissipate that heat to the sur- 
rounding air? Obviously, it will get hotter and hotter, until 
something has to give. First, its resistance will go up. (Re¬ 
member that resistance depends on temperature.) Next the 
varnish and the color code bands will begin to melt and 
bubble. The carbon may separate from the lead wire, and 
open the circuit. If it doesn*t, the resistor will heat up until 
it pops like a small firecracker. 

Resistors are made in a number of power ratings. This 
rating shows how much power the resistor can safely dissi¬ 
pate. When you choose a resistor for a given job, you must 
select one that has the proper power rating as well as the 
proper resistance. That’s the only way to avoid the troubles 
we mentioned in the paragraph above. 

There's no code on a resistor to teli you what its power 
rating is. On a wire-wound resistor, the power rating is 
usually printed on the same tag tliat shows the resistance. 
With a carbon resistor, you can usually guess the power rating 
from its size: 


Length of 


Power 

Resistor 


Rating 

(inches) 

Body Size 

(watts) 

2_ 

_ Peneii _ _ 

_ 2 to 3 

2_ 

_ Slim _ _ 

_ 2 

1 _ 

_ Peneii _ _ _ 

_ 1 

Yi _ 

Peneii _ _ . _ . 

- H 

% _ 

_ Slim _ _ _ __ _. 

- % 

Here’s a problem in resistor selection. 

You have to select 

bleeder resistor for a 600-volt power supply, to carry a cur- 


rent of 3 milliamperes. What is the resistance and power 
rating of the resistor you select? 

The drop across the resistor is 600 volts, and the current 
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through it is 0.003 amps. By using Ohn^s law you can find 
that the resistance must be 200,000 ohms. What about the 
power? 600 volts, times 0.003 amps., is 1.8 watts. So you 
would choose a 2-watt resistor. 

Suppose that all the resistors in the shop are rated at one 
watt. Would you use one of these and hope to get by? 
Certainly not. You could make up the required 200,000 
ohms by connecting two 100,000-ohm resistors in series, or 
two 400,000-ohm resistors in parallel. In either case, each 
of the two resistors would dissipate half of the total power. 

METERS 

With a suitable meter you can measure voltage, current, 
or resistance. Most of the meters you will use depend on 
the magnetic effect of an electric current. When a current 
passes through a conductor, it sets up a magnetic field in the 
space around the conductor. We can’t teli you why this is 
so, because nobody knows. But if you happen to have a 
pocket compass, you can easily demonstrate the effect for 
yourself. Put the compass face-up on your workbench, and 
let the needle come to rest. Lay a piece of wire across the 
face of your compass, parallel to the needle. And then 
connect the ends of the wire to the poles of a dry cell. As 
soon as the current flows, the compass needle will respond to 
the magnetic field by swinging violently. 

If you bend the wire into a double loop, so that it crosses 
the compass twice, the magnetic field will be stronger. If you 
wind the wire into a coii of many turns, its magnetic field will 
be stronger stili. To increase the magnetic force stili further, 
you can slip an iron core inside the coii. 

Figure 1-12 shows how we can use this principle to make 
a meter. 

In the illustration, M is a permanent magnet that ends in 
two hollowed-out poles marked P. Between these poles is 
an iron core—C. A coii of wire is mounted on two jeweled 
pivots, so that it can turn in the space between the core and 
the magnet poles. Connected to the movable coii is an 


30 

Digitized by Google 



indicating needle (extending toward the upper left in the 
drawing). A hairspring holds the coii in the position shown. 

By connecting the two leads (at the bottom of the drawing) 
into your circuit, you can pass a current through the movable 
coii. The current will set up a magnetic field around the coii. 
Because of this field, the coii will be attracted by the magnets, 
and will begin to overcome the resistance of the hairspring. 
The coii will turn on its pivots, and carry the needle along 
with it. The stronger the current through the coii, the 
farther it will tum against the resistance of the spring. If 
you put a suitably calibrated scale beliind the needle, you 
can read the amount of current that’s passing through the 
coii. 



A meter of this kind is called a d’Arsonval meter. A 
d’Arsonval meter is usually quite sensitive; a very small 
current will send its needle all the way across the scale. If 
you have a meter of this kind, you can easily make it into a 
voltmeter, an ammeter, or an ohmmeter. You won’t 
actually have to do this. But you can learn a lot about 
how the meters work if you find out how they’re made. 
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Voltmeter 


Let’s say that your shop has a cTArsonval meter that 
reads one milliampere at full scale. What you happen to 
need at the moment is a voltmeter that reads 100 volts at 
full scale. How can you change a milliammeter into a 
voltmeter? 

A voltmeter, you remember, is used to measure a potential 
drop. Figure 1-13 shows how you connect the voltmeter 
to your circuit—in parallel with the circuit resistance. 
The voltage drop across the meter is then the same as the 
voltage drop across the circuit resistance. 



The meter, you remember, reads full scale when one 
milliampere passes through its coii. Let’s say that the 
resistance of the coii is 100 ohms. Then what voltage drop 
across the meter will produce a full-scale reading? Use 
Ohn^s law: 

£:=/X/?=0.001X100=0.1 volt 

The meter reads full scale with one-tenth of a volt across 
it. But we want it to read full scale when there’s 100 volts 
across it. We can solve the problem simply by connecting a 
resistor in series with the meter coii, so that there is a 99.9- 
volt drop across the resistor, and only a 0.1-volt drop across 
the coii. 
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How much resistance do we need? Since the resistor is 
in series with the coii, the current passing through it will be 
the same as that in the coii. At full scale, that’s 0.001 amp. 
And we know the voltage drop across the resistor—99.9 volts. 
To find the resistance, use Ohrrfs law: 

/?=—=—^-9 =99 900 

H I 0.001 99,900 

Now you know how to make a d , Arsonval meter into a 
yoltmeter: simply put a resistor in series with the meter coii. 
(And of course you’11 have to change the scale markings, so 
that the meter will give the correet reading.) 

We have seen that this particular meter reads full scale 
when there is a potential drop of 0.1 volt across the coii. So 
3^ou could have used this meter as a voltmeter—with a full- 
scale reading of 0.1 volt— without adding a series resistor. 
Or, by adding a series resistor of the proper size you could 
have made a voltmeter with a full-scale reading of anything 
greater than 0.1 volt. For example, you might have made a 
voltmeter with a range up to one volt, or 10 volts, or 1,000 
volts. 

Take one more look at figure 1-13, and remember how you 
connect a voltmeter to the circuit. Because you use the volt¬ 
meter to measure the potential drop across a resistance, the 
meter must be connected in parallel with the resistance. 
(Connecting it in series won’t injure the meter; but it will 
add a high resistance to your circuit, and any reading you 
get will be meaningless.) 

Here^ an important precaution to remember when you T re 
using a voltmeter. Always use a meter of the proper 
range. Let’s say that you have a voltmeter that reads up 
to 10 volts. If you connect this meter across a potential drop 
of 100 volts, the needle will slam against the stop at the end 
of the scale, and probably bend. 

Suppose you want to measure a potential, but havei^t the 
slightest idea what the voltage will be. Tlien use a meter 
that will read up to 1,000 volts, or even high er if you think 
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it’s necessary. That will give you an approximate reading. 
Then you can select a meter of tiie proper range to get a more 
accurate reading. 

Ammeter 

Let’s start out again with the same d’Arsonval meter you 
used to make a voltmeter. Its coii, you remember, has a 
resistance of 100 ohms; and the meter reads one milliampere 
at full scale. Let’s make this meter into an ammeter that 
reads one ampere at full scale. 

An ammeter, of course, measures current. All the cur¬ 
rent you expect to measure must flow through the meter. 
The ammeter must therefore be connected in series, not in 
parallel, with the other circuit elements. 

When our new ammeter gives a full-scale reading on one 
amp., one ampere will be flowing through the meter. But 
only one milliampere must be flowing through the coii. 
How do we manage that? Simply by connecting a resistor 
in parallel with the coii. We call this parallel resistor a 
shunt. If we choose a resistor of the proper value, one 
milliampere will flow through the coii and 999 milliamperes 
will flow through the shunt. The total current through the 
meter—the combined currents in the coii and shunt—will be 


METER 

COIL 

rnm 


SERIES 
^RESISTOR | 



VOLTMETER 

Fisure 1-14.—Voltmeter ond ammeter circuits. 
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one ampere. Figure 1-14 shows you how to conneet the 
shunt resistor in an amnieter, and the series resistor in a 
voltmeter. 

How much resistance do we need in the shunt? We know 
that the coii has a resistance of 100 ohms, and that it carries 
0.001 amps. at full scale. By using Ohm’s law, we find that 
the potential drop across the coii is 0.1 volt. 

E=IxR= 0.001X100=0.1 volt 


Because the shunt is in parallel, the potential drop across 
it is the same as that across the coii—0.1 volt. And we know 
that the shunt will carry 0.999 amp. To find the resistance 
of the shunt, simply use Ohm’s law: 


R 


E_ 0.1 
/ 0.999 


0.1001 ohms 


What about the power rating of the shunt resistor? Use 
the formula: 


P=PX/= 0.1X0.999 = 0.0999 watt 

The shunt must dissipate about one-tenth of a watt. So 
you don’t ha ve to worry about the power rating in this case. 
Even the smallest commercial resistor can safely dissipate a 
quarter of a watt. 

To summarize: you can make a d’Arsonval meter into an 
ammeter by connecting a shunt resistor of the proper value 
in parallel with the coii, and by re-marking the scale to 
give the proper reading. 

Note. In actual practice, making meters isn’t quite as 
easy as weVe implied. For the voltmeter we needed a re¬ 
sistance of 99,000 ohms, and for the ammeter a resistance of 
0.1001 ohms. They don’t make commercial resistors in 
either of those values. You’d have to make up your own 
resistors, by combining commercial resistors in series or in 
parallel. And of course your meter won’t be any more accu¬ 
rate than your resistances. You’d have to measure your 


35 


Digitized by U.ooQle 



resistors very carefully on a resistance bridge. (Commercia 1 
meters are built with specially selected resistors that ha ve a 
tolerance of one percent or less.) 

There are two important precautions to remember when 
you use an ammeter: 

, Always use a meter of the proper range. If you’re 
in doubt, get an approximate reading on a meter that can 
carry a high current. That will show you which meter to use 
for your final reading. 

Always connect the ammeter in series. The voltage 
drop across an ammeter must always be small. If you con¬ 
nect an ammeter in parallel with a circuit resistance—even 
for an instant—you’11 probably damage it beyond repair. 

Ohmmeter 

You can measure the resistance of any resistor simply b y 
touching the test prods of an ohmmeter to the resistor leads. 
There are two different ways you can wire up a d’Arsonval 
meter to make an ohmmeter. Figure 1-15 shows one of 
them—the series ohmmeter. 

Inside the ohmmeter case is a battery—often made up of 
three small flashlight cells connected in series. The meter is 
connected in series with the battery and a resistance. The 
resistance is made up of a fixed resistor and a variable re¬ 
sistor. 

Here’s how it works. When the two test prods aren’t. 
touching anything, the circuit is open. No current will How 
through the meter, and the needle will be at the left end of 
the scale. Tliis is your “infinity” position; when the needle 
is there, you know that there is an infinite resistance between 
the two prods. 

Now, if you touch the two prods together, the resistance 
between them is zero (or practically zero). Now the circuit 
is closed; current will flow through the meter, and through 
the two resistors in series with it. If we use resistors of the 
proper value, the meter will give a full-scale reading when 
the resistance betw^een the prods is zero. So you mark the 
right-hand end of the scale “zero ohms.” 
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RESISTANCE 
TO BE 
MEASURED 


Fisure 1 -15.—A series ohmmeter. 


Now touch the two prods to tlie loads of tlie resistance 
you want to measure. Tliis will close tlie circuit, and cur¬ 
rent will flow through tlie meter. But you now liave a 
liigher resistance in series with tlie meter tlian you had wlien 
tlie prods were touching eacli other. Less current will flow, 
and the needle will give a reading sometliing less tlian full 
scale. The smaller the resist ance you Ve measuring, tlie 
more current will flow, and the closer the needle will be to 
the right-hand end of tlie scale. 
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How do you calibrate the scale? You could do it by cal- 
culation, but that’s more trouble than it’s worth. A better 
way is to measure a number of accurately known resist- 
ances, and calibrate the scale accordingly. 

Why is there a variable resistor in the circuit? As you 
use the meter, the battery will gradually run down, and 
supply less current. Then, when you touch the two prods, 
the needle will not go all the way over to zero. But we can 
increase the current again by decreasing the resistance in the 
circuit—by adjusting the variable resistor. This is im¬ 
portant: Before you use a series ohmmeter, touch the 
test prods together and note whether the meter reads zero. 
If it doesn’t, adjust the variable resistor until it does. (If 
you can’t bring the reading to zero, put in a new battery.) 

Figure 1-16 shows the circuit of a shunt ohmmeter. No- 
tice that this circuit includes a switch; you have to turn on 
the switch before you can use the meter. With the switch 
closed (and the test prods not touching anything), current 
will flow through the meter coii. If the resistors are of 
the proper value, the needle will go to the right-hand end of 
the scale. With this meter, the “infinity” point is at the 

RIGHT. 

What happens when you measure an unknown resistance 
with the prods? That puts the unknown resistance in 
parallel with the meter. In other words, the unknown 
resistance acts as a shunt across the meter coii. You know 
that when you connect a shunt across a meter coii, part of 
the current will flow through the coii, and the rest through 
the shunt. If the shunt has a very low resistance it will carry 
most of the current, and very little current will flow through 
the meter. If the shunt has a high resistance it will carry 
little current, and most of the current will flow through the 
meter. 

When the two prods touch each other, the resistance be- 
tw r een them is zero. The shunt, since it has no resistance, 
will carry all the current, and the meter will carry none. 
The meter hand will re turn to the left end of the scale. The 
“zero ohms” point, therefore, is at the left. When you 
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Figure 1-16.—A shunt ohmmeter. 


measure a low resistance, the meter will carry a low current, 
and the needle will stop near the left end of the scale. When 
you measure a high resistance the meter will carry a high 
current, and the needle will stop near the right-hand end of 
the scale. 

As with the series ohmmeter, the best way to ealibrate the 
scale is by measuring resistors of known value. 

Here are three precautions that apply to all ohmmeters: 

1. When you measure an unknown resistance with an 
ohmmeter, the only current through that resistance must 
come from the ohmmeter itself. If you’re measuring an 
element that’s wired into a circuit, open the Circuit before 
you connect the ohmmeter. 
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2. If other elements are connected in parallel with the 
one you want to measure, disconnect one end of the 
element tctbe tested before you connect the ohmmeter. 

3. Keep the test prods clean. If your prods are covered 
with grease, you’11 measure the resistance of the grease as 
well as that of the circuit element. And the resistance of 
grease is high. 

These precautions apply to the series ohmmeter. 

1. Remember that the zero point on the scale is at the 
right. Read the scale from right to left. 

2. When the test prods are touching each other, current 
will flow, and eventually run down the battery. When 
you’re through using the meter, make sure the test prods 
aren’t accidentally shorted. 

3. Before you use the meter, touch the prods together and 
adjust the variable resistor until the meter reads zero. 

These precautions apply to the shunt ohmmeter. 

1. Remember that the zero point on the scale is at the left. 
Read the scale from left to right. 

2. When the switch is on, current will flow through the 
meter. When you’re through with the meter, turn the 
switch off. 

3. Before you use the meter, adjust the variable resistor 
to get an infinity reading with the prods not touching each 
other. 

Megger 

The megger is a special type of ohmmeter, designed to 
measure large resistances. As you can guess, its scale is 
graduated in megohms rather than ohms. Its circuit is 
much like that of an ordinary shunt ohmmeter, except that 
the power is supplied by a hand-operated generator, rather 
than a battery. To operate the generator, you turn a 
crank on the side of the megger case. 

The megger can measure resistances that would give an 
“infinity” reading on an ordinary ohmmeter. Why? Because 
its generator produces a high voltage—from 100 to 1,000 
volts—depending on the type of instrument. 
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Because of its high voltage, you can’t use a megger on a 
radio, or any similar circuit. The voltage is high enough to 
break down the insulation on small wires, and to completely 
ruin small condensers. But you will often use the megger 
on the power circuits of electric torpedoes, to test for high- 
resistance leaks to the torpedo shell. 

Multimeters 

A multimeter is a handy, portable measuring instrument 
that can do a number of jobs. It can measure voltage, cur¬ 
rent, and resistance. It has a single meter, with a single 
indicating needle. But its dial has several calibrated scales. 
On the front of its case you will find one or more pairs of jacks 
for the test leads, one or more rotary switches, and a knob 
for the adjustable resistor of the ohmmeter circuit. 

WeVe already shown you how you can start with a milli- 
ammeter and make a voltmeter of almost any range, an 
ammeter of almost any range, and either of two types of 
ohmmeter. It all depends on how you connect the meter 
into the circuit, and how much resistance you use in that 
circuit. 

In the multimeter, a number of different circuits are wired 
up. You select the circuit you want by turning the rotary 
switch, or by plugging the test leads into various jacks, or 
both. 

There are many different makes of multimeters on the 
market, and the ranges, scales, and switch markings vary 
considerably. For example, there might be only one scale 
marked “volts,” one marked “amps,” and one or two marked 
“ohms.” And the switch positions might be marked “volts 
X 1,” “volts X 5,” “volts X 10,” etc. To read the meter 
you first read the scale, and tlien multiplv by the number 
indicated at the rotary switch. For example, if the needle 
indicates “15” on the voltage scale, and you liave the switch 
set for “volts X 10,” the actual reading is 150 volts. 

In another type of meter, the switch positions might be 
marked “1 volt,” “10 volts,” “100 volts,” “5 ma,” “50 ma,” 
etc. These markings show the meter reading at full 
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scale. A meter of this type will have a number of scales, 
possibly ten or more. Set the rotary switch for the type of 
instrument and tlie range you want to use, and read the 
most convenient scale. For example, if yt>u set the switch 
at “50 ma,” choose a scale that goes up to 50, if there is one. 
If there is no such scale, you might use a scale that goes up 
to 5, and then multiply your reading by 10. Or you might 
have to use a scale that goes up to 100, and then divide your 
reading by two. It isn’t as hard as it sounds. After a little 
practice you’11 choose the proper scale, and make the neces- 
sary multiplicat ion, without much thought. 

With a multimeter, follow the same safety precautions you 
use with an individual voltmeter, ammeter, or ohmmeter. 
But before you use the multimeter, double check the switch 
setting and the test lead jacks, to be sure that you have the 
type of meter you want to use. For example, you might 
try to measure a voltage with the rotary switch set on “100 
volts,” but with the test leads plugged into the jacks marked 
“amperes.” That would probably burn out the meter coii. 

TORPEDO STORAGE BATTERIES 

In chapter 2, we’11 describe the storage battery of a Mk 18 
torpedo in some detail. All we’ll give you here is a short 
introduction. 

When you put two different metals into an electrolyte, a 
Chemical action takes place. That action develops a differ- 
ence in potential between the two metals. (An electrolyte 
is any liquid that will conduct an electric current; for ex¬ 
ample sea water, or sulfuric acid, or lemonade.) 

Here’s an experiment that’s worth doing if you have a 
milliammeter handy. You’11 need a clean quarter, a clean 
penny, and a disc of blotting paper the size of a quarter. 
Saturate the blotting paper with saliva (sometimes referred 
to as spit) and put it on the quarter. Put the penny on top 
of the blotting paper. Touch the negative prod of your 
milliammeter to the quarter, and the positive prod to the 
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penny. The meter will show that youVe made an electric 
cell. 

. The most familiar of all electric cells is probably the flash- 
light cell. This type is usually called a “dry cell.” But it 
isn’t really dry; to prevent leakage tbe electrolyte is made 
in the form of a thick paste. When tliis kind of cell is in 
operation, the electrolyte attacks tbe zine cell case, and 
dissolves it. When the zinc and the electrolyte begin to be 
used up, the voltage output drops. Tlien you tlirow the 
cell away, and replace it with a new one. A cell of this type 
is called a “primary cell,” and a battery made up of two 
or more primary cells is a “primary battery.” 

The torpedo battery, like the one in your car, is a second- 
ary battery, made up of secondary cells. (A car bat¬ 
tery has three cells in seiies; the battery of the Mk 18 
torpedo has 72 cells in series.) In a secondary battery, the 
electrolyte is a liquid—usually a mixture of sulfuric acid and 
water. The metal plates of the secondary cell undergo a 
Chemical change as the battery discharges, but they don’t 
dissolve. And when the battery is discharged you don’t 
throw it away; you recharge it by forcing an electric cur¬ 
rent through it. (The maintenance checkoff lists for the 
various electric torpedoes teli you when to recharge the 
battery, and how much current to use.) 

In a cell of a torpedo battery, the negative plates are made 
of sponge lead; the positive plates are made of lead peroxide. 
The plates are held apart by separators —thin sheets of 
insulating material. As the cell discharges, both negative 
and positive plates change to lead sulfate. And when the 
two types of plates are ehemically the same, no more current 
will flow. The same Chemical action that changes the plates 
also changes some of the sulfuric acid to water. 

How can you teli if a torpedo batteiy is fully charged? 
In two different ways. You will use a voltmeter to check 
the voltage across the cell terminals, and across groups of 
cells, and across the wliole battery. And you will use a 
hydrometer to measure the specifie gravity of the electrolyte. 
(Sulfuric acid has a higher specifie gravity tlian water. As 
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the battery discharges, and some of the sulfuric acid changes 
to water, the specific gravity of the electrolyte decreases.) 

Figure 1-17 shows a typical hydrometer. The outer tube 
is made of glass. Inside it is a smaller glass tube, weighted 
with mercury or lead shot in its lower end. At the upper 
end of the smaller tube is a scale of specific gravities. To 
use the hydrometer, draw a sample of the electrolyte out of 
the cell by squeezing the hydrometer bulb and then releasing 
it. Hold the hydrometer straight up and down, and make 
sure youVe drawn in enough electrolyte to float the small 
tube. Tap the hydrometer gently to make sure the inner 
tube isn’t sticking. And then read the scale at the surface 
of the liquid. (The liquid surface will be slightly curved; 
read the scale at the lowest point on the curve.) 

Specific gravi ty changes slightly with temperature; the 
Standard temperature for a torpedo battery test is 80 degrees. 
At the time you withdraw the sample, insert a thermometer 



Figure 1-17.—Battery hydrometer. 
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into the cell to check the temperature of the electrolyte. If 
it’s 80 degrees, the value you found on the hydrometer scale 
is your final reading. If the temperature is not 80 degrees 
you’11 ha ve to apply a correction factor. When the tem¬ 
perature of the electrolyte is above 80 degrees, you add the 
correction. When the temperature of the electrolyte is 
below 80 degrees, you subtract the correction. For every 
three degrees above 80, add 1 to the specific gravity reading. 
For every three degrees below 80, subtract 1. 

Here’s an example. Your hydrometer gives a reading of 
1.265, and the thermometer shows a temperature of 95 de¬ 
grees. That’s 15 degrees above the Standard temperature. 
Divide by three, and you ha ve a correction factor of 5. Add 
that to the hydrometer reading, and you get a final reading 
of 1.270. 

In the cells of a fully charged torpedo battery Mk 2, the 
specific gravity of the electrolyte (at 80 degrees) is 1.260 to 
1.270. A specific gravity between 1.000 and 1.150 shows 
that the cell is discharged. And of course any reading be¬ 
tween 1.150 and 1.260 telis you that the cell is partially dis¬ 
charged . 

If you drive a car, you know that water evaporates from 
the electrolyte of your battery during warm weather. And 
you have to add distilled water to bring the electrolyte back 
to the proper level. In the torpedo shop, the torpedo battery 
will need water frequently, especially during charging. And 
you will occasionally have to add water after the torpedo 
reaches the submarine. 

In each cell, there must always be enough electrolyte to 
cover the plates completely. When the electrolyte falis be¬ 
low the tops of the plates, the capacity of the battery is 
reduced. If part of a piate dries out, its surface will harden. 
Then, even if you later add more electrolyte, that part of the 
piate will be out of action. On the othei hand, you can’t fili 
a cell all the way to the top. If you do, electrolyte will spill 
out through the vent plug of the cell each time the battery 
is tilted. And the spilled acid, since it’s a good conductor of 
electricity, is likely to short out the cell. 
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Here are the electrolyte levels specified for the Mk 2 
torpedo battery: 

For an exercise shot: one-eighth inch above the top of the 
separa tors 

For a war shot: seven-eighths inch above the top of the 
separa tors 

Why do you use less electrolyte for an exercise shot? To 
decrease the total weight of the torpedo, and increase its 
buoyancy at the end of the run. 

Figure 1-18 shows how to bring the electrolyte to the proper 
level by using a self-leveling syringe. First, fili the syringe 
with distilled water. Remove the cell cap and filling plug, 
and insert the syringe nozzle into the filling plug opening. 
The tip of the nozzle should rest on the top of the separa tors. 
Then force water into the cell by squeezing the bulb of the 
syringe. Usually, a whole bulbful of water will bring the 
electrolyte level too high. 


GAP (REMOVEO 
WHEN FILLING)" 


NEGATIVE POST- 


PLATE- 
CONTAINER — 



Figure 1-18.—Using o self-leveling syringe. 
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But when you release the bulb the syringe will suck in the 
extra water, until the electrolyte drops to the level of the hole 
in the side of the syringe nozzle. If this hole is seven-eighths 
inch above the tip, the syringe will leave the electrolyte level 
at exactly seven-eighths inch above the separatore. 

But be careful. What you’re trying to do is add water, 
not remove acid. Try to overehoot with the water as little 
as possible, so that only a small amount of solution will be 
sucked out when you release the bulb. 

Here’s one more thing to watch. Some of the old syringes 
have the hole only three-eighths of an inch from the tip of the 
nozzle. This type is no longer used. Check the position of 
the hole before you use the syringe. 

REFERENCES 

Electricity, NavPers 10622-B. This is the Navy’s basic 
training course on electricity. It goes into a lot more detail 
about simple circuits than we’ve had room for here. 

Electronics Technician 8, NavPers 10188. This is a more 
advanced course in electricity. It telis about the elements 
used in electronic circuits, and explains some of the simpler 
circuits. A TM 3 or 2 isn’t required to have this information, 
but you may find it interesting. And if you go a lit tle beyond 
your minimum qualifications now, you’11 have a head start 
later on. 

Torpedoman’s Mate E 3&2, NavPers 10053. This course 
goes into some detail about the torpedo storage battery, and 
how to take care of it. 

OP 946, Torpedo Mark 18 Mod 2. This OP gives you the 
complete story of the Mk 2 torpedo battery, including the 
maintenance checkoff lists. 

Torpedoman's Mate E l&C, NavPers 10159. Chapter 3 
of this course describes some experiments in basic electricity. 
You’11 find them worth doing if } t ou have the time, and can 
get hold of the necessary equipment. 
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QUIZ 


1. Current flows through a certain Circuit at the rate of two coulombs 
per second. Reword that statement, using a more familiar unit 
of current. 

2. What is the unit of electrical pressure? Of electrical resistance? 

3. Name four things that determine the resistance of a wire. 

4. Write the following quantities in volts, amperes, or ohms. (For 
example: 1,000 milliamperes. Answer: 1 ampere.) 

(a) 4.2 kilovolts (d) 2 microamperes 

(b) 16 millivolts (e) 700 megohms 

(c) 421 milliamperes 

5. Name two important differences between a wiring diagram and a 
schematic diagram. 

6. Without looking back to the text, write all three forms of Ohm^ 
law from memory. 

7. In a Circuit like the one in figure 1-2, E is 10 volts and R is one 
megohm. How much current flows through the Circuit? 

8. In figure 1-3, E is 10 volts; R\, R 2 , and # 3 are each 100 ohms. 
The ammeter shows a current of 20 milliamps. What is the re¬ 
sistance of # 4 ? 

9. In figure 1-4, what is the voltage drop 

(a) between points b and a? 

(b) across RJ 

(c) across # 2 ? 

10. In figure 1-4, assume that you open the Circuit by disconnecting 
the wire at one of the battery terminals. Then what is the 
voltage drop across R\? 

11 . In figure 1-5, if R 4 is a commercial resistor, what power rating 
would it have to have? 

12. In figure 1-6, let’s say that you remove the 3-ohm resistor at /? 3 , 
and replace it with a 10-ohm resistor. How will that affect the 
voltage drop between a and 6? (Decrease it? Increase it? 
Make no change?) 

13. An axial resistor is one inch long, and as thick as a pencil. Its 
first color band is orange, the second violet, the third orange, and 
fourth gold. What is its resistance, power rating, and tolerance? 

14. The body of a radial resistor is brown, and its end is black. It 
apparently has no dot. What is its resistance? 

15. How can you make a d’Arsonval meter into 

(a) a voltmeter? 

(b) an ammeter? 

16. How would you connect a voltmeter to measure the potential drop 
across a circuit element? 
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17. How would you connect an ammeter to measure the current flow- 
ing through a Circuit element? 

18. What two precautions must you observe when using an ammeter? 

19. Before using an ohmmeter to measure the resistance of a Circuit 
element, what two precautions must you observe? 

20. What special precaution must you observe when using a shunt 
ohmmeter? 

21. In what two ways will you test a secondary cell to see if it’s 
charged? 

22. What precaution must you observe in using a self-leveiing syringe? 


i 

i 
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THE ELECTRIC TORPEDO 

INTRODUCTION 

Electricity, as you leamed in chapter 2 of volume 1, has 
played only a small part in the long development of the 
modern torpedo. Some of the old towed torpedoes, you 
remember, were exploded by electricity. The current came 
from batteries on the attacking ship, through a long wire at- 
tached to the towing line. But as soon as a self-propelled 
torpedo was developed, that idea was dropped. 

It popped up again in the Sims-Edison torpedo, which 
was tested in the United States in 1892. This job was 
completely electric. It used electricity not only for firing 
the explosive, but for propelling and steering the torpedo as 
well. But the electricity stili came from the attacking ship— 
not from the torpedo itself. The attacking ship supplied the 
current, from a dynamo on its deck, through a cable that 
could be payed out to 4,500 yards. 

Because the Sims-Edison torpedo was heavier than water, 
they attached it to a big copper float. The Torpedoman 
steered the torpedo by watcliing the float. And he pressed 
the firing button when he saw the float strike the hull of the 
target ship. 

You can easily see wliat was wrong with that idea. In the 
last half of the torpedo run, the enemy had a better view of 
the float than the Torpedoman did. And the float made a 
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fa t target that was hard to miss. So we never used the Sims- 
Edison torpedo in warfare. 

It wasn’t until 1943 that the U. S. Navy issued its first 
electrically propelled torpedo—the Mk 18— to the Fleet. 

The Mk 18 is stili the only electric torpedo you’11 find in the 
Fleet in large numbers. Most of the newer marks of torpe- 
does are electrica!. But at the time this book goes to press, 
none of these new torpedoes is in large-scale production. 
And theyYe ali classified. 

In chapter 11 of this course we’11 teli you as much as we 
can, without compromising their security, about these new 
electric torpedoes. In this chapter, we’ll describe only the 
Mk 18. 

We fire the Mk 18 torpedo only from submarines. When 
you fire a torpedo from an above-water tube, it gets quite a 
jolt when it hits the water. The Mk 18 isn’t built to take 
that shock. (But the Navy is now developing smaller, more 
rugged electric torpedoes. You not only can fire them from 
above-water tubes, but you can drop them from certain types 
of aircraft as well.) * 

Compared to an air-steam torpedo, the speed of the Mk 
18 is low and its range is short. But, for submarine use, the 
Mk 18 has a big advantage that more than makes up for its 
low speed and limited range. The electric torpedo leaves 
practically no wake. 

There are two reasons why that’s important. If the 
enemy can’t see our torpedoes coming, he can’t maneuver to 
get away from them. And this is even more important: 
A wakeless torpedo doesnT give away the sub’s position. 
When a submarine attacks a bigger, faster ship, it has to 
stay hidden if it wants to stav alive. (The long wake of an 
air-steam torpedo points out the sub’s position very clearly.) 

GENERAL DESCRIPTION 

Here are the vital statistics on the Mk 18 Mod 4: 

Length; 20.5 feet 
Diameter; 21 inches 
Speed; 29 knots 
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Range: 4,000 yards 
Battery; 72 cells, 168 to 172 volts 
Explosive charge; 595 pounds of HBX 
Total weight; 1.5 tons 

(The war head of the Mk 18 Mod 2 contains 595 pounds of 
torpex. The Mod 2 is no longer in production, but you 
may stili find some of them in the Fleet.) 

Before we go into any details, let’s take a quick look at the 
Mk 18 torpedo as a whole. Figure 2-1 is a cutaway view 
of it. (We’ll describe various parts of the torpedo later 
in the chapter. Check back to figure 2-1 often, to see how; 
and where each part fits in.) 

There are some things you can say about any torpedo. [ 
It’s a self-propelled, underwater weapon. It has its own 1 
power piant and its own source of energy. Its purpose is to 
carry a big charge of explosive to an enemy vessel, to deto¬ 
nate the explosive, and destroy the target. It has control 
mechanisms that make it run at a pre-set depth and keep it. 
on a pre-set course. • 

All that is true of the Mk 18 as well as the air-steami 
torpedo. The big difference between the two is in what- 
makes them go. A turbine drives the air-steam torpedo.; 
The turbine gets its energy from compressed air and from 
the hot gas and steam made by burning alcohol. The elec -1 
tric torpedo, of course, is driven by an electric motor. And 
the motor gets its energy from a storage battery. 

But, in other ways, the two types are much alike. Each 
has a war head filled with high explosive and an exploder to 
detonate the explosive when it reaches the target. Each has 
a gyro, linked to a steering engine, to keep the torpedo on its 
pre-set course. Each has a depth mechanism to make the 
torpedo run at its pre-set depth. In both types, compressed 
air provides the energy for operating the gyro, as well as the 
depth and steering engines. (In the air-steam torpedo, the 
air comes from a large air flask in the midsection; in the Mk ' 
18, it comes from three small flasks in the afterbody.) And 


52 


Digitized by 


Google 



s 

o 

n 

u 

e 

L 

c- 

‘S 

d 

11 


-h 

[t 

ic 

d 

le 

te 


r- 

is 

lo 

a. 

‘d 

d, 

le 

le 

r- 


Digitized by Google 


5h 

‘t. 

ie 


i 

] 

1 

i 

< 

1 


Digitized by Google 



since the Mk 18 was made to be fired from submarine tubes 
that were already in use for air-steam torpedoes, the two 
types ha ve the same diameter—21 inches. 

The Mk 18 torpedo has four major sections. You can 
detach each of them, as a unit, from the adjoining sectiom 
These units are: (1) the war head (or exercise head); (2) the 
battery compartment; (3) the afterbody; and (4) the taiL 
Figure 2-1 shows you what’s inside each of these sections. 

The war head carries the explosive charge, and the ex- 
ploder mechanism that sets it off when the torpedo reaches 
its target. (We discussed war heads, exercise heads, and 
exploders in Volume 1. Since we covered the Mk 18 as well 
as the air-steam torpedoes, we won’t describe the head sec- 
tion here.) 

The battery compartment takes up about half the length 
of the torpedo and accounts for nearly half its weight. It 
holds the storage batteries that supply energy to the electric 
motor. 

The afterbody houses the electric motor, the gyro and 
depth mechanisms, the steering and depth engines, and the 
three flasks of high-pressure air. 

The tail consists principally of the two propellers and the 
horizontal and vertical rudders. 


O perati on 


We fire the Mk 18 torpedo only from the submerged tor¬ 
pedo tubes of submarines. A submerged torpedo tube has 
a watertight door at each end—a breech door opening into 
the torpedo room, and a muzzle door opening to the sea. 
At the moment you fire the torpedo, the breech door is closcd 
and locked. The muzzle door is open. The tube is flooded, 
and sea water surrounds the torpedo. When you press the 
firing button, you send a charge of compressed air into the 
breech end of the tube. The force of that air drives the tor¬ 
pedo out of the tube. 

As the torpedo moves forward, the tube tripping latch 
contacts the torpedoes starting gear lever, and throws it aft. 
That action opens the starting gear valve. As soon as the 
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starting gear valve opens, high-pressure air flows through it 
from the three small air flasks. The air goes to three differ¬ 
ent places at once—the starting switch, the gyro spinning 
mechanism, and the reducing valve. 

The force of the compressed air closes the contacts of the 
starting switch, completing the circuit between the motor 
and the batteries. The motor starts immediately, and turns 
the propellers that drive the torpedo through the water. 

Now we're going to run through a short description of 
some of the main parts of the Mk 18 torpedo. Don’t forget 
to look back to figure 2-1, to see how these parts fit into the 
torpedo. 


BATTERY COMPARTMENT 

Like anything else that moves around under its own 
power, a torpedo has to carry its own supply of energy. And 
that energy has to be in a form that can quickly change to 
mechanical motion—to turn the propellers. 

An air-steam torpedo Stores energy in two forms—mechan¬ 
ical energy in the compressed air, and Chemical energy in the 
alcohol. The air transfers its stored-up energy to the tur¬ 
bine, and from there to the propellers. When the alcohol 
burns, it turns to steam and carbon dioxide, and its Chemical 
energy changes to heat. This heat turns the water spray to 
steam, and expands ali the gases so as to increase the 
velocity with which they strike the turbine blades. 



Figure 2-2.—Battery compartment Mk 18—cutaway view from the port side. 
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The energy that drives the Mk 18 torpedo through the 
water is stored in Che Mk 2 battery. It’s in the form of 
Chemical energy, which quickly changes to electricity when 
you close the circuit. And the motor changes electricity 
into mechanical motion. 

Figure 2-2 is a cutaway view of the Mk 18 battery com- 
partment. Welded to plates on the bottom of the compart- 
ment is a pair of tracks. The battery slides into its compart- 
ment on these tracks. The holding-down rod assemblies 
keep the battery from jumping the tracks, and the forward 
and after braces keep it from sliding forward or aft. (Find 
these parts in figure 2-2.) 

Near the after end of the compartment is the battery 
compartment bulkhead. It separates the battery space from 
the motor space and the afterbody. (The forward end of the 
compartment is open. When you assemble the torpedo, the 
bulkhead at the after end of the war liead separates the war 
head from the battery space.) 

You can reach into the battery compartment tlirough any 
of seven handholes. Six of them are over the battery, and the 
otlier is just abaft the bulkhead. They’re numbered, of 
course, from fore to aft. The hydrogen burner is mounted 
on a spider under the No. 3 handhole. 

The battery compartment bulkhead makes an airtight 
seal between the battery space and the afterbody. Where 
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the electric cables and air pipes go through the bulkhead, 
they’re surrounded by airtight packing. ~Why? During the 
torpedo run, the battery gives off hydrogen. If hydrogen 
gets into the motor space, it’s liable to be exploded by a 
spark from the motor switch or the armature brushes. The 
airtight bulkhead and its packings keep hydrogen out of 
the motor space. 

Poppet Valve 

In the first second after you fire a torpedo, high-pressure 
air brings its gyro up to full speed. Air from the gyro- 
spinning mechanism exhausts into the afterbody. Through- 
out the torpedo run, the depth and steering engines use air 
from the reducing valve. And both these engines exhaust 
into the afterbody. 

So the pressure in the afterbody gradually increases. To 
keep it from building up too high, we let some of the air in 
the afterbody exhaust through the battery compartment 
bulkhead into the battery space. But, at the same time, we 
ha ve to keep air from moving in the other direction through 
the bulkhead. The poppet valve takes care of that. Figure 
2-3 is a picture of it. 



Figure 2 -3.—Cutaway view of the poppet volve. 


The poppet valve body is threaded; it screws into the 
after side of the battery compartment bulkhead. (In figure 
2-3, the forward end of the valve is at the left.) The valve 
seats against a gasket at the forward end of the body. The 
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valve stem passos through the bodv, and through the collar 
at its after end. The spring on the after end of the stem is 
under compression, and tends to keep the valve seated. 

Air from the motor space and the afterbody enters the 
valve body through holes in the sliell. The pressure of this 
air tends to overcome the spring and open the valve. When 
pressure in the afterbody builds up to about 3 psi higher than 
the pressure in the battery space, the valve opens, and air 
exhausts into the battery space. As the pressure in the after¬ 
body drops, the valve closes again. That makes it a one- 
way valve. No battery compartment air can get through it 
into the afterbody. 

Battery Mk 2 

The Mk 2 battery has a total of 72 cells, made up in groups 
of four cells each. Nine of these 4-cell units are assembled 
in a sheet-steel tray. And two of these trays make up the 
complete battery. 

Ali the cells are conneeted in series—the positive terminal 
of one cell is conneeted to the negative terminal of the next. 
The negative terminal of the battery is at its after end, the 
positive terminal at the forward end; so there’s no high 
voltage between adjacent cell connectors. 

All the cells are numbered. Starting witli the No. 1 cell 
at the negative terminal, the numbering system foJlows the 
electric circuit tlirough the battery to the No. 72 cell at the 
positive terminal. Figure 2-4 sliows the numbering system. 
By foliowing tlie numbers, you can trace the circuit through 
the battery. 
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Fisure 2-4.—Cell-numbering system in the Mk 2 battery. 
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Fisure 2-5.—A 4-cell bottery unit. 


Figure 2-5 shows one of the 4-cell units completely 
assembled. Figure 2-6 is a cutaway view of the same unit, 
with the contents of three cells removed. Note that a 
number of plates, in parallel, are connected to each terminal. 
(Each positive piate stands between two negative plates, and 
each negative piate—except the two outside ones—stands 
between two positives.) Since that increases the working 
area of the plates, it increases the capacity of the battery. 
To keep the internal resistance of the battery low, the plates 
are mounted close together. The rubber separators between 
them keep them from touching each other and short-cir- 
' cuiting. 

Figure 2-7 gives you a closer look at a cell cover. Any 
gas that’s given off inside the cell can escape, through 
the drain hole, into the cap. From there, it goes out through 
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Fisure 2-6.—Cutaway view of o Mk 2 battery cell. 


the vent at the top. The cap, if you remember to serew it 
on tight, gives the cell a non-spill feature. If the battery 
is tilted, any electrolyte that runs out through the drain 
hole will be trapped inside the cap. When the battery is 
righted again, the electrolyte will flow back through the 
drain hole. 

When you assemble the cell unit in the battery, the drain 
hole must be toward the forward end. (When a torpedo 
reaches the end of an exercise run, it practically stands on 
its tail. If you keep the drain hole forward, much less of 
the electrolyte will run out into the cap.) 

When you connect the cells in series, of course you connect 
the positive terminal of one cell to the negative terminal 
of the next. If you connected a cell, or a group of cells, 
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Figure 2-9.—Wirins diagram. 
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Figorc 2-8.—Cell terminol posts. 

and the cables from the battery terminals to the motor 
terminals, are double. Each of these cables is made of 
two stranded copper wires. Using two conductors makes 
the cable more flexible than it would be with a single 
conductor of the same current-carrying capacity. 

The cables of the charging circuit run from the motor 
terminals to a Socket near the tail of the torpedo. The 
Socket is secured in a watertight boss, in the upper port 
side of the afterbody. By running a cable from this socket 
to an outside power source, you can charge the battery 
without taking the torpedo out of the tube. Each of the 
charging leads is protected by a fuse. Both fuses are 
mounted in the after end of the battery compartment. 













Note that the fuses are not a part of the battery-motor 
Circuit. 

Hydrogen Eliminator 

As we told you earlier, a charged storage battery will 
slowly discharge itself because of internal action. A Chem¬ 
ical reaction is going on inside the battery ali the time. 
And that reaction slowly releases bubbles of hydrogen. 
As long as the torpedos are stowed in racks, hydrogen is 
easy to control. All you have to do is take off one of the 
handhole covers and replace it with a wire screen. Any 
hydrogen that comes from the cells will diffuse through 
the handhole. 

But when the torpedo is in the tube, with all its handholes 
closed, the hydrogen is sealed up in the battery space. 
Unless we get rid of it, it will soon form an explosive mixture 
with the air in the battery compartment. In the Mk 18 
torpedo, we get rid of hydrogen by burning it as fast as it 
comes from the battery. 

Figure 2-10 shows the hydrogen eliminator, secured to 
a spider under the No. 3 handhole cover. The bumer 
element is a coii of Nichrome wire. It’s protected by a 
Monel metal screen. The asbestos shield under the bumer 
keeps it from sagging too much when it’s hot. 

A cable connects the burner element to the terminal board 
in the under part of the afterbody flange. Another cable 
goes from there to an outside power source. 

The submarine^ 115-volt a-c supply provides the power 
for the hydrogen burner, through a step-down transformer 
in the hydrogen power panel. 

Hydrogen from the battery diffuses through the Monel 
screen to the burner element. When the element is heated 
by an electric current, the hydrogen that reaches it combines 
with the oxygen of the air to form water vapor. If you turn 
on the burner before there’s an explosive mixture in the 
battery compartment, the reaction is so gradual there’s no 
danger of an explosion. 

You can adjust the burner current at the panel, and you 
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Figure 2-10.—Cutaway view of the hydrogen eliminator. 


can read its value on an ammeter. The current through the 
burner is critical; keep it as near to 4.75 amperes as you can. 
If the current falis below 4.50 amperes, the hydrogen may 
accumulate faster than it can burn. If the current is more 
than 5.00 amperes, the life of the burner element will be 
very short. 

How long does it take for hydrogen to build up an 
explosi ve mixture in the torpedo? That depends partly on 
the temperature and partly on the battery charge. If the 
battery is fully charged, the hydrogen it gives off will make 
an explosive mixture in about 2 hours. During the next 
few days, this time will gradually stretch out to something 
like 4 hours. So you’ll nearly always turn on the hydrogen 
burner as soon as you load the torpedo in the tube. Then the 
explosive mixture will ne ver ha ve a chance to form. 

When you’re ready to fire the torpedo, you neednT take 
time to disconnect the hydrogen eliminator. The cable 
cutter (fig. 2-11) cuts the cable as the torpedo begins to 
move forward in the tube. The cutter is built into the port 
side of the tube’s breecli roller assembly. 
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From the afterbody terminal flange, the hydrogen elim¬ 
inator cable passes out through the afterbody shell, through 
a cable guide on the port side of the lower tail vane, to the 
cable cuttef. Here it’s threaded between two cutting edges, 
and passes out through the roller housing. There’s a 
tapered plug, vulcanized onto the cable, to keep water from 
leaking through the hole in the housing. 

When you fire the torpedo, the cutters sever the cable. 
The piece with the tapered plug stays in the tube to seal 
the opening in the roller housing. A knot in the cable, just 
forward of the cable guide on the tail vane, keeps the cable 
from pulling out of the terminal flange. Throughout its 
whole run, the torpedo trails a short length of cable from its 
lower tailvane. 

Venti lati ng System 


The hydrogen eliminator will work only as long as there’s 
enough oxygen in the battery space to support combustion. 
When there’s no oxygen, the hydrogen can’t form an explo- 


Figure 2-11.—Cutaway view of the cable cutter. 
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sive mixture. But it/s dangerous just the same. If you had 
to remove a handhole cover for any reason, an explosi ve mix¬ 
ture would form at once. And during the torpedo run, air 
exhausting through the poppet valve would quickly form an 
explosive mixture. 


VBHIA1MG MET 



1ATTERY COMPAUTMB4T IUIKHEAO 

Fisure 2-12.—Ventilating system. 


The ventilating system makes it possible to renew the air 
in the battery space so that the hydrogen burner can go on 
working. Figure 2-12 is a diagram of the system. 

The ventilating system consists of two air pipes. Both of 
them enter the battery space through the battery compart- 
ment bulkhead. The inlet pipe—the smaller of the two— 
goes through the bottom of the bulkhead. It runs along the 
bottom of the battery compartment, between the battery 
tracks. The outlet pipe runs aft from a nipple opening in 
the battery compartment bulkhead, along the upper part of 
the afterbody, to a point abaft the air flasks. At that point, 
both pipes go out through a flange in the starboard side of 
the torpedo. 

When you ventilate the torpedo, you connect an air hose 
to the inlet pipe at the ventilating fixture. You run low- 
pressure air—200 psi—through the system for about 3 
minutes. That’s enough to force the old gases out through 
the exhaust pipe and replace them with fresh air. 

ELECTRIC MOTOR 

The electric motor that drives the Mk 18 torpedo is 
mounted at the forward end of the afterbody. Check back 
to figure 2-1 to see where it fits in. Figure 2-13 shows the 
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Fisure 2-1 3.—After end of electric motor. 

afterendof the motor. Figure 2-14 shows its forward end. 

In these two figures, you can see the six mounting lugs 
welded to the main frame of the motor. When the motor 
is in place in the torpedo, it’s secured to the afterbody joint 
ring by bolts passing through these six lugs. At each end of 
the motor is a bracket, bolted to the frame. (Find the two 
brackets in figures 2-13 and 2-14.) At the center of each 
bracket is a bearing for the armature shaft. 

The motor of the Mk 18 torpedo is a 6-pole, series-con- 
nected, direct-current unit. Its armature turns clockwise 
(when youTe looking at the forward end, as in figure 2-14.) 
It develops 90 horsepower at 1,660 rpm. 

Figure 2-15 is a schematic diagram of the wiring inside the 
motor. In a “series” motor system such as this one, the 
field windings are in series with the armature. A series 
motor has a big advantage for torpedo use. It quickly 
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Figure 2-14.—Forward end of electric motor. 
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Figurc 2-15.—Schcmatic diagram of motor Circuit. 
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reaches its full operating speed, even when you start it under 
a heavy load. Because of that, the torpedo develops its full 
driving power almost as soon as you fire it. 

Study figure 2-15, and trace the flow of current through 
the system. From the negative pole of the battery, current 
flows to the negative brush ring, and from there to the nega¬ 
tive brushes. The brushes make contact with segments of 
the commutator, through which current flows to the indi- 
vidual conductors of the armature, and then back to other 
segments of the commutator. There it’s picked up by the 
positive brushes. From the positive brushes it goes to the 
positive brush ring, then through the six field coils in series, 
and finally back to the positive pole of the battery. Compare 
the schematic wiring diagram with figure 2-14, to identify 
the parts. 

As the armature turns, the commutator segments reverse 
the connections to the armature coils at the proper instant. 
As soon as one of the armature coils moves under a field pole 
with opposite polarity, the direction of current through the 
armature coii reverses. That changes its polarity, so that it’s 
then the same as that of the field pole. Since like poles 
repel each other, the armature continues to rotate. 

In figure 2-15, note the starting switch between field coils 
5 and 6. You can see the switch in figure 2-13, on the port 
side of the after motor bracket. Its main parts are a cylinder 
and piston, operated by compressed air. The nipple at the 
bottom of the switch (find it in fig. 2-13) is connected to an 
air pipe from the starting valve. When high-pressure air 
from the starting valve enters the cylinder, it forces the 
piston upward. The piston pushes a movable copper piate 
against the two fixed contacts at the ends of the field coii 
connections, thus completing the circuit through the motor. 

Before air enters the cylinder, the switch is open. A 
spring holds the piston down. (This spring is inside the 
cup that encloses the cylinder. The spring you see in figure 
2-13, on the outside of the cup, has a different function. 
It equalizes the pressure of the contact piate against the 
two fixed contacts.) When high pressure air enters the 
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cylinder, it overcomes tlie pressure of the spring, and tlie 
piston closes the switeh. 

If the air pressure falis to between 150 and 300 psi, as it 
does when the head blows at the end of an exercise run, then 
the force of the spring can overcome the pressure of the air. 
It forces the piston down again. That opens the circuit, and 
stops the motor. 

AFTERBODY AND TAIL SECTIONS 
Drive Shafts and Propellere 

The main drive shaft is splined to fit the armature shaft 
of the motor. (In figure 2-13 you can see the splines in 
the after end of the armature shaft.) The main drive shaft 
carries the driving force of the motor to the two propellers. 

Although the two propellers turn in opposite directions, 
the drive mechanism makes it possible for a single motor to 
tum both of them. Of course you remember why two 
propellers are necessary. The rotation of a single propeller 
would tend to roll the torpedo in the opposite direction. 
But when the two propellers turn in opposite directions at 
the same speed, the two rolling reactions cancel each other, 
and the torpedo does not roll. 

Since we described propellers and propeller drive mecha- 
nisms in Volume 1, we won’t say any more about them 
here. 

Air System 

Just forward of the afterbody bulkhead are the three 
flasks for compressed air. But this high-pressure air 
doesn’t provide any of the energy that drives the torpedo, 
as it does in the air-stream type. What does it do? It 
spins the gyro, and operates the motor starting switeh; 
it operates the control mechanisms, and blows the exercise 
head. Figure 2-16 shows the position of tlie three flasks 
in the afterbody, and the system of clamps and brackets that 
holds them in place. 

We suggest that you check back to figure 2-1 now, to see 
the relative position of the air flasks, the stop valve, the 
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Fisure 2-16.—Air flasks, showing position in afterbody. 

charging valve, the starting gear, and the reducing valve. 
Figure 2-17 is a schematic diagram of the Mk 18’s air system. 

You’re already familiar with the stop and charging valves, 
the starting gear, and the reducing valve; you studied them 
in chapter 8 of Volume 1. You studied the gyro and depth 
mechanisms, and the depth and steering engines, in chapter 
10 of Volume 1. 

Note, in figure 2-17, the extra lead from the starting gear 


Figure 2-17.—Schematic diasram of the oir system. 
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to the motor switch. And notice also that only high-pres- 
sure air goes to the gyro. When the starting valve opcns, 
high-pressure air quickly brings the gyro up to speed, just as 
it does in an air-steam torpedo. In an air-steam torpedo, 
low-pressure air keeps the gyro spinning after the high-pres- 
sure air shuts off. But in the Mk 18, after the high-pressure 
air shuts off, the gyro is left to coast on its own momentum. 

REFERENCE 

OP 946, Torpedo Mk 18 Mod 2. 

QUIZ 

1. Explain the function of the poppet valve. 

2. Whv must air from the battery space be kept out of the afterbody? 

3. The cells of the Mk 2 battery are eonnected so that the positive and 
negative terminals of the battery are at opposite ends. Why? 

4. Why must the hydrogen eliminator current be carefullv controllcd? 

5. Why is it necessary to ventilate the battery compartment from time 
to time? 

6. What is the horsepower and rpm of the motor in the Mk 18 torpedo? 

7. Why does the Mk 18 torpedo use a “series” motor? 

8. What keeps the gyro running after its spinning mechanism is dis- 
engaged? 
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C H A P T E R 


TORPEDO DISASSEMBLY AND 
OVERHAUL 

YouVe learned that a torpedo is a very complicated piece 
of precision machinery. And you know that we expect a lot 
from it. When you fire the torpedo, its engine must start 
instantly. It must smoothly deliver power to the propellers, 
at the proper speed, throughout the torpedo run. The depth 
mechanism must keep the torpedo at the proper depth, and 
the gyro mechanism must hold it on course. And when the 
torpedo strikes its target, the exploder mechanism must 
detonate the war head. 

When everything gocs just right—when the torpedo 
scores a hit and explodes against the target *s hull—there’s 
one thing you can be sure of. You can be sure that the 
Torpedoman’s Mates aboard the firing ship have done their 
work thoroughly and skillfully. 

But what if things don’t go right? Suppose the torpedo 
misses its target because it runs at the wrong speed, or 
wanders off course. Suppose it sinks. Or suppose it strikes 
the target with a dull thud, instead of a lethal explosion. 
There’s a bare chance the trouble was caused by faulty 
design of some part of the torpedo, or by something else 
beyond your control. But it’s much more likely that a 
Torpedoman’s Mate slipped up somewhere. 

After you load a torpedo into its tube, it may stay there for 
a long time before you fire it. But it must be ready for 
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firing on an instant ? s notice. It’s obvious that the torpedo 
can’t tum in a perfeet performanee unless you keep it in 
perfect condit ion. Its condit ion will depend on how skill- 
fully and how carefully you do your job. 

What does this job consist of? We can divide it into four 
parts: 

1. Adjustments 

2. Upkeep routines 

3. After-run treatment 

4. Overhaul 

A torpedo is in ready condit ion when it’s delivered to a 
fighting ship. Torpedomaifs Mates aboard the fighting ship 
perform a series of adjustments, to put the torpedo in 
fully ready condition. That’s when it s ready for firing on 
an instant’s notice. (AU you have to do before you fire it is 
set the gyro angle and depth.) 

To keep the torpedo in top condition, you 11 go through a 
series of upkeep routines. There ’s a short routine to go 
through with each torpedo aboard, every day. There are 
more complete routines to go through weekly, and at longer 
intervals. These routines areirt just suggested—they are 
required. 

During an exercise run, a torpedo gets a tough workout. 
The nozzles and turbines, the exhaust system, and parts of 
the air system, get very hot. Some of the mechanisms— 
including everything in the tail and midship sections—get 
soaked in sea water. And sea water, unless you do some- 
thing about it, can quickly cause rust and corrosion. 

The after-run treatment is first aid for an exercise 
torpedo. If the torpedo is going to be fired for another 
exercise shot, your after-run treatment will put it back into 
condition for the second run. If it won’t be fired again, the 
afterrun treatment will keep it from deteriorating any further 
before it can be overhauled. 

After it’s been carried aboard a fighting ship for a year or 
so, the torpedo is due for a complete overhaul. After one 
or more exercise shots, or when your upkeep routines show 
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the need for major repairs, the torpedo should be over- 
kauled as soon as possible. 

On most torpedoes, you can perform the necessary adjust- 
ments, upkeep routines, and after-run treatment aboard a 
fighting ship. But for an overhaul, it must go back to a 
shore base or a tender. A complete overhaul takes a lot of 
space, and a lot of special test equipment. There just isn’t 
room for ali that on a fighting ship. {One exception: 
carriers are usually equipped to overhaul aircraft torpedoes.) 

SOURCES OF INFORMATION 

In this course we can give you only an introduction to 
repair and overhaul procedures. The Ordnance Pamphlets 
prescribe the various maintenance and overhaul operations 
for torpedoes. 

In the Ordnance Pamphlet that describes each type of 
torpedo, youll find a complete step-by-step procedure for 
each overhaul operation. For most operations it telis you 
which tool to use for each step. On some ships you 11 work 
directly from the detailed instructions in the OP’s. On 
others youll be given special checkoff lists to work from. 
These are based on the OP instructions, and include the 
latest information from NavOrd Circular Letters (OCL), 
NavOrd Instructions and Notices, Ordnance Technical In¬ 
formation (OTI), and Ordnance Alterations (ORDALT). 
The Ordnance Pamphlets include pictures showing many of 
the oyerhaul steps. In the beginning, no matter what you 
are working from, youll find these pictures helpful. 

And no matter which list you work from, you must work 
from the list. You will not depend on your memory. 
That rule will stili apply even after youVe had 30 years’ 
experience in the torpedo shop. As you gain in skill youll 
take more and more pride in your work—especially if you 
become a specialist in charge of one phase of torpedo over¬ 
haul. And that’s as it should be. Your pride in your skill 
and the qualitv of your workmanship is a good thing for 
botli you and the Navy. But working from memory is no 
way to show it. In a complete overhaul there are hundreds 
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of steps. Skipping any one of them may turn the torpedo 
into a total loss. With that much at stake, nobody’s 
memory is good enough to depend on. 

In chapter 4 of this course we’ll take up the preliminary 
and final adjustments, the upkeep routines, and the after-run 
treatment. In this chapter we’ll talk about overhaul. 

OVERHAUL 

In overhauling a torpedo, you will do seven things: 

1. Disassemble the torpedo and clean all its parts. 

2. Inspect all parts for defects. 

3. Repair or replace all defective parts. 

4. Reassemble the parts, with the proper clearance and 
the proper lubrication. 

5. Test the operation of the individual mechanisms. 

6. Test the operation of the torpedo as a whole. 

7. Treat the parts to protect them from rust and corro- 
sion. 

Because the detailed instructions will be available to you, 
it isn't necessary to reprint them in this course. But, to 
give you some idea of whaPs involved in an overhaul, we’re 
going to list the most important steps in overhauling the 
exercise head and air flask section of a Mk 15 torpedo. 
WeVe chosen those two sections because tliey have relatively 
few parts; compared to the afterbody, their overhaul is 
simple. 

The list of steps we’11 give you is only a short introduction 
to the work of the torpedo shop. It isn’t intended for use as 
a checklist. WeVe left out many of the details, and we 
haven’t listed the tools for you to use. Trving to use this 
chapter as a checkoff list will resuit in a total snafu. 

OVERHAUL OF THE EXERCISE HEAD 

1. Close the blow valve. Drain and sling the head, and 
take out the joint screws. Push the head just ciear of the 
air flask, and disconnect the pipe that goes from the exercise 
head nipple to the blow valve. 
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2. Remove the air-releasing mechanism, the bulkhead, the 
air-releasing mechanism pipe, and the torch case. 

3. Remove the discharge valve. Disassemble it by re- 
moving the holding nuts and spring piate, and taking out 
the valve and spring. Inspect the leather washer. If it’s 
hard, cracked, or dirty, remove the valve nut and replace 
the washer with a new one. 

4. Inspect the studs for the bulkhead and flanges. Replace 
them or resolder them if necessary. If you ha ve to remove 
a stud, heat it until you can unscrew it with a screwdriver. 
Tin the stud and screw it in place while it’s hot. Wipe off 
the excess solder with a rag, and chase the threads with a 
K~20 finger die. 

5. Inspect the ballast. If you have to remove it to clean 
up corrosion, or to straighten dents in the shell, be sure to 
put it back in exactly the same place. After youVe cleaned 
and tinned the shell, replace the ballast and solder it in. 

6. Clean and dry the inside of the exercise head. Treat 
ali the exposed surfaces with a coating of preservative. 

7 . Inspect the air-releasing mechanism pipe. If necessary, 
anneal it and bend it to shape, and reseat the nipples and 
seats. Check the pipe for restrictions, and make sure there’s 
no foreign material'inside it. 

8. Test the torch case. You do this by clamping the 
case in a hydraulic test fixture, filling the fixture with water, 
and applying a pressure of 135 psi. The pressure should 
hold for 5 minutes without leakage. If there’s any leakage 
of water into the case, repair the case or replace it with a 
new one. 

9. Lubricate and reassemble the discharge valve, and re¬ 
place it in the exercise head. Place a gag across the dis¬ 
charge valve studs, and secure it with nuts. Tighten the 
nuts until the gage holds the valve firmly on its seat. 

10. Install the air-releasing pipe and connect it to the 
nipple in the bulkhead pocket. 

11. Clean the bulkhead seats thoroughly, to remove ali 
dirt, oil, and grease. Select a new bulkhead gasket; clean 
it, and inspect it carefully. Fit the gasket on the bulkhead 
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seat, over the studs. Replace the bulkhead, and secure it 
with nuts. Be sure to turn them up evenly. 

12. Connect the nipple on the bulkhead to a source of 
high-pressure air. Blow air through the air-releasing pipe 
at 600 psi, and note the flow of air through the pipe. If 
you suspect that there are restrictions in the pipe, remove 
them before you go on to the next step. Turn off the air and 
blank off the forward end of the air-releasing pipe. 

13. Fili the head with water, and gradually build up a 
pressure of 2,800 psi in the air-releasing pipe. If any bubbles 
appear, the pipe is leaking. Find the leaks and remedy 
them. Turn off the air, bleed the line, and remove the test 
pipe. Drain the head, and leave the drain plug out. 

14. Install the torch case and cover, with a good gasket, 
and secure with nuts. Tighten them evenly. 

15. Close the other flanges with blanking off plates, 
using good gaskets. Tighten the nuts evenly. 

16. Now install Test Set SG 2855 in the drain plug flange 
(fig. 3-1). Connect the test panel to the test set, and build 
up a pressure of 10 psi in the head. Close the valve and 
apply soapy water around all the flanges and joints. If 


Figure 3-1.—Leakage test of the exercise head. 
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there are any leaks, bubbles will appear. Find the leaks and 
remove the cause. The pressure on the gage should remain 
constant for 10 minutes. 

17. If there are no leaks, bleed the head and remove the 
test set. Replace the drain plug and washer. Remove the 
covers, blanking plates, and gaskets. Remove the blank 
from the air-releasing pipe. Take the gag off the discharge 
valve, and remove the valve. 

18. Disassemble and inspect the air-releasing mechanism. 
If necessary, reseat the valve seat, and lap the valve to the 
seat. If you install a new valve, lap it in. If necessary, 
replace the valve guide with a new one. Clean all the parts. 
Check the size of the restriction in the valve guide, and the 
size of the hole in the restriction nipple. Lubricate and re- 
assemble the mechanism. Test the mechanism by connecting 
it to a source of high-pressure air—at least 1,000 psi. Turn 
on the air, and submerge the mechanism in water. If any 
bubbles appear, find the leaks and correct them. 

19. Unscrew the headlight casing. If the batteries are 
of the wet-cell type, take them out and recharge them. Re¬ 
move the bulb, and replace it with a new one if it has been 
used for 15 runs. If necessary, disassemble the headlight, 
clean the parts, and repair or replace any broken ones. 
Reassemble the headlight and focus the reflector. 

20. Install the torch case. Install the headlight (or a 
blanking piate in place of it). Blank off the other openings. 

The exercise head is now ready for its final test. 

OVERHAUL OF THE AIR FLASK SECTION 

1. Release all air pressure from the flask, following 
current BuOrd instructions. Disconnect {dl the pipes that 
go from the midship section fittings to the turbine bulkhead. 

2. Remove the upper operating shaft of the speed change 
gear. 

3. Screw lifting screws in the afterbody hand hole covers. 
Put a sling around the afterbody, and take the weight of the 
afterbody with the chain fall. 
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4. Take out the joint screws and remove the afterbody 
from the air flask section. 

Note. You can’t pull the afterbody straight aft, 
because the pipe from the combustion flask to the 
nozzle lies behind the holding screw bosses of the 
joint ring. Swing the afterbody to starboard until 
the pipe is ciear; then pull the afterbody aft. Place 
the afterbody on a stand. 

5. Charge the air flask to 1,000 psi. Squirt light lubri- 
cating oil around the forward bulkhead joint, and look for 
bubbles. Bubbles indicate a leak. 

6. Using lubricating oil, test for leakage at the blow 
valve, the air vent plug and bushing, and the air outlet nipple 
in the forward bulkhead. 

7. Blank off the main air nipple. Apply oil around the 
stop valve. Open and close the valve, and look for bubbles. 
Check for leakage at the charging valve. 

8. Blow down the flask until it’s empty. 

9. Remove the pipes that go from the air check valve 
assembly to the water compartment bulkhead, and to the 
vent fitting. Remove the check valve assembly. 

10. Disconnect the main air pipe at the water compartment 
bulkhead. Remove the stop and charging valve assembly 
from the midship section shell. 

11. Remove the upper operating shaft bearing. 

12. From the fuel and water check valve and strainer as¬ 
sembly, remove the pipes that go to the water compartment 
bulkhead and to the vent fitting. Remove the check valve 
assembly from the shell of the midship section. 

13. Remove the vent fittings. 

14. Remove the water and fuel filling plugs. Unscrew tlie 
damp nut for the main air connection through the water 
compartment bulkhead. Back the lock nuts off and clamp- 
ing nipples, and remove the nipples. Then remove the water 
compartment bulkhead assembly. (If the joint is tight, you 
can loosen it by tapping lightly with a lead hammer.) 

15. Remove the pipes that go to the blow valve from the 
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exercise head, and from the air outlet nipple in the forward 
bulkhead. Remove the small forward bulkhead. 

16. Remove the main air connection from the after bulk¬ 
head. Remove the air vent bushing and plug. 

17. With a stick and a rag, swab out the inside of the 
flask with hot water. Blow it dry with low-pressure air. 
(Do not apply any preservative to the inside of a welded air 
flask.) 

18. Overhaul and replace the air vent bushing and plug. 
Replace the main air connection on the after bulkhead. 

19. Remove the set screw from the blow valve, and take 
out the retainer, washer, and valve. Inspect the valve body 
and parts. If necessary, remove burrs from the nipples and 
the blow valve seat. Blow out the channeJs with low- 
pressure air. Oil the valve. Place a new washer around the 
valve stem, and replace the valve in the body. Replace the 
retainer, tighten it, and secure it with the set screw. 

20. Replace the blow valve, the forward bulkhead, and 
the pipe that goes from the bulkhead to the valve. 

21. Remove the pipes from the nipples in the seat flange 
of the water compartment bulkhead. Remove the nipples 
from the flangeT. (Apply just cnough heat to each nipple to 
soften the solder.) Clean the tapped holes in the flange. 
Tin the threads on the nipples. Screw the nipples into the 
holes, using just enough heat to keep the solder soft. Reseat 
the seats on the ends of the nipples, and chase the threads to 
remove burrs. Inspect the nipples to make sure the holes 
are clean. 

22. Inspect the pipes that connect to the nipples in the 
bulkhead seat flange. Dress burrs if necessary, and replace 
the pipes. 

23. Clean out the inside of the water compartment, and 
apply a coat of the preservative mixture specified in the OP. 

24. Overhaul the water compartment bulkhead. If neces¬ 
sary, disconnect the pipes and remove the nipples, using just 
enough heat to soften the solder. Tin the threads, replace 
the nipples, reseat the seats, and chase the threads to remove 
burrs. 
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25. To test the fuel flask for tightness, replace the fuel 
filling plug and blank off the air inlet pipe. From the Spray, 
Check Valve, and Fuel Flask Testing Outfit, connect a test 
pipe to the outlet connection of the fuel flask. Set the re- 
ducer of the testing outfit for 25 psi, and charge the flask to 
that pressure. Submerge the flask in water, and look for 
bubbles that indicate leaks. If there are no leaks, discon- 
nect the test pipe, and remove the blank from the air con¬ 
nection. Dry the flask, and coat it lightly with oil. 

26. Replace the fuel flask on its brackets, and secure it 
with screws. Connect the pipes on the fuel flask to the 
water compartment bulkhead. 

27. Replace the water compartment bulkhead assembly 
on its seat. 

28. Your next job is to disassemble and overhaul the fuel 
and water delivery check valves and strainers. Remove the 
plugs and washers, the strainers, the valve guides, and the 
valves and springs. 

29. Clean and inspect ali the parts. Perform the foliowing 
operations only if you find them necessary: chase the threads 
on the nipples, and reseat the nipples; reface the check valve 
seats; chase the threads for the valve guides, and mill out 
the valve guide holes; ream the holes for the check valve 
stems; reface the outer valve seat of the guides; reface the 
inner and outer seats of the valves; lap the valve stems; lap 
the valve stems to the guides; lap the valves to their seats. 

30. Clean the parts thoroughly to remove ali traces of 
lapping compound. Lubricate and reassemble the valve and 
strainer assembly. 

31. To test the outboard seats of the delivery check valves, 
set up the General Use Test Panel, with an extra length of 
test pipe. Connect the test pipe to the inlet nipple of the 
fuel and water delivery check valve body. Blank off the 
outlet and vent nipples. Remove the check valve plugs and 
washers. Open the air inlet valve on the test panel, and 
adjust the reducer to deliver 350 psi. Fili the check valve 
body with oil, and test for tightness. (Figure 3-2 sliows 
this test in progress.) 
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Figure 3-2.—Testing outboard seats of the delivery chcck volves. 


32. If there are no leaks, remove the blanking nuts, replace 
the clieck valve plugs and washers, and remove the valve 
assembly from the test panel. 

33. To test the inboard seats of the check valves, use the 
Spray, Check Valve, and Fuel Flask Testing Outfit. Drain 
the bottle of the test outfit, and blow it dry with low-pressure 
air. Open the valve cock to admit low-pressure air—not 
over 200 psi—to the reducing valve of the testing outfit. 

34. Gradually adjust the reducing valve pressure upward. 
Wlien the pressure reaches 5 psi, test the valve seats for 
tightness. 
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35. Keep on raising the pressure slowly, and note the 
pressure when the check valves lift off their seats. (It 
should be between 15 and 20 psi.) 

36. After the test, remove the check valves and strainers 
and wipe them dry. Oil the valves; replace the valves and 
strainers. 

37. Replace the check valve and strainer assembly in the 
midship section. Replace the pipes that connect the as¬ 
sembly to the water compartment bulkhead and the vent 
fitting. 

38. Overhaul and replace the upper bearing for the speed 
change operating shaft. 

39. Disassemble and overhaul the stop and charging valve 
assembly. We won’t go into details. If necessary, chase the 
threads, reface the valve seats, and lap the valves to their 
seats. Use the General Use Test Fanel to test the stop 
valve plug seat and the stop valve spindle seat for leakage. 

40. After final assembly of the stop and charging valves, 
use the test panel to build up a pressure of 2,800 psi inside 
the valve body. Use oil to test the charging check valve for 
leaks. Then close the stop valve and remove the blanking 
nut from the adaptor on the outlet nipple. Hold a can of 
water under the adaptor, as in figure 3-3. Bubbles will 
appear if there is any leakage past the stop valve. 

41. Secure the stop and charging valve assembly to the 
main air connection, and to the midship section shell. 

42. Overhaul and replace the air check valve assembly. 

43. Now youTe ready to test the assembled air flask sec¬ 
tion. Remove the water and fuel filling plugs, and then 
replace the water filiing plug. Blank off the main air con¬ 
nection from the stop and charging valve. 

44. Charge the flask to 800 psi. Use oil to test for leakage 
around the forward bulkhead, the blow valve, the vent plug 
and bushing, and the air outlet nipple in the forward bulk¬ 
head. 

45. Open and close the stop valve, and use oil to check 
for leaks. Check the charging check valve for leakage. 
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Figure 3-3.—Tcsting the stop volve for tightness. 

46. Remove the blowout plug from the water compartment 
bulkhead. Disassemble the plug and inspect the copper 
sheer disc. lf it’s bent out of shape, replace it with a new 
one. Reassemble the plug and replace it. 

47. Install blanking nuts on the fuel and water delivery 
check valve outlet nipples. Make sure the stop valve is 
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Fisure 3-4.—Testing the water compartment for leakase. 

closed. Then install the Test Set SG 5033 in the charging 
valve. Turn the valve stem handle of the test set to unseat 
the charging check valve. 

48. Crack the stop valve, and regulate the reducer of the 
test set to deliver 400 to 450 psi to the water compartment. 
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Note. Don’t let any one stand in line with the blow- 
out plug while you charge the air flask, or while you’re 
testing the water compartment. 

49. Close the stop valve, and back off the valve stem 
handle on the test set. Keep the water compartment under 
pressure for about 5 minutes. Use oil to test for leakage 
around the water compartment bulkhead seat, the water 
filling plug, the main air pipe joint, and ali the other con- 
nections on the bulkhead. (Fig. 3-4.) 

50. If there are no leaks, loosen the test pipe connection 
to bleed down the pressure in the water compartment. Dis- 
connect the test set and remove the blanking nut. 

51. Remove the water filling plug; replace the fuel filling 
plug and the water filling plug. 

REFERENCES 

OP 950, Torpedoes Mk 13-1 and 2, pages 153-175. 

OP 635, Torpedoes Mk 14 and 23 Types, pages 139-271. 

OP 642, Torpedoes Mk 15 Type, pages 137-271. 

OP 1763, Torpedoes Mk 16 Mod 3, pages 154-301. 

OP 946, Torpedo Mk 18 Mod 2, pages 75-170; 205-226. 

QUIZ 

1. Torpedo repair and maintenance consists of four different kinds of 
work. Name them. 

2. Which of these repair and maintenance jobs are done aboard 
fighting sbips? Which must be done ashore, or aboard a tender? 

3. W T hat is the purpose of the upkeep routines? 

4. The after-run treatment may serve either of two purposes. 
What are they? 

5. In overhauling a torpedo, why is it necessary to work from the 
OP or a checkoff list, even after long experience? 

6. We listed seven different things to be accomplished during a 
torpedo overhaul. What are they? 
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TORPEDO ADJUSTMENT AND 
MAINTENANCE 


As we told you in chapter 3, the repair and maintenance 
of torpedoes can be divided into four kinds of work: 

1. Adjustments 

2. Upkeep routines 

3. After-run treatment 

4. Overhaul 

We discussed overhaul in chapter 3, and gave you an idea 
of what goes on in the torpedo overhaul shop. We’ll discuss 
the other three in this chapter. Again, we’ll list the steps 
to follow. And once again we will lea ve out some of the 
details. Remember that these lists can’t be used as checkoff 
lists. 

Two operations—charging the air flask and lubricating 
the various parts of the torpedo—are common to adjust¬ 
ments, upkeep routines, and overhaul. So we’ll discuss 
those two operations first. 

CHARGING THE AIR FLASK 

During the preliminary adjustments, you charge the air 
flask to a pressure of 1,000 psi. During the final adjust¬ 
ments, you bring it up to full charge—3,000 psi in the Mk 18 
torpedo, and 2,800 psi in the others. 
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Charging System 

The ship’s air compressor supplies the air for charging the 
torpedo. The compressor, and the power piant that runs 
it, are operated by the ship’8 engineering personnel. A 
successful job of charging torpedoes takes close cooperation 
between torpedo personnel and the engineering group. 



Figure 4-1.—Charging system. 


Figure 4-1 shows a typical torpedo charging system. The 
apparatus at the lower left of the drawing is at the com¬ 
pressor. The rest of it is at the torpedo charging station. 

The compressor is a machine that takes air at atmospheric 
pressure and raises it to high pressure. The compressed air 
may be stored in the accumulators for future use, or it may 
be sent directly to the point where it’s needed. The accumu¬ 
lators are nothing more than storage tanks for high-pressure 
air. You’11 find them on many surface ships, and on ali 
submarines. They are often called air banks. 

Notice in figure 4-1 that there is a separator at the air 
compressor and another at the charging station. The 
separators remove moisture from the air. You can blow 
the accumulated water out of a separator by opening the 
drain at the bottom of it. When you charge the torpedo, 
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you can use either separator or both of them. But be abso- 
lutely sure that at least one of the separators is in the line. 

As you can see in the drawing, the charging line passes 
through a stop valve and a bleeder valve, and enters the 
charging wing nut. To charge the air flask, you remove the 
charging valve plug and serew the wing nut into the torpedo 
in its place. While you’re charging the torpedo, the bottom 
of the wing nut will be exposed to compressed air at flask 
pressure. There’s always a chance that this pressure will 
strip the threads off the wing nut, and blow it violently out 
of the torpedo. To protect yourself from that danger, you 
will ALWAYS secure the charging wing nut bv its safetv 
strap before you start to charge the flask. As you can see in 
figure 4-1, the strap passes completely around the torpedo; 
both ends of it hook onto the wing nut. 

Charging Procedure 

If you follow the directions exactly, charging the torpedo 
air flask is simple, easy, and safe. But never forget that 
you’re handling air at extremely high pressure. Air at 2,800 
psi is a ready-made explosion, bottled up by a thin laver of 
Steel or copper. Skipping one of the safety precautions to 
save time is like using a powder keg for an ash tray. 

To charge the air flask, follow these steps: 

1. Make your arrangements vvith the engineering personnel 
at the compressor. Teli tliem when you expect to begin the 
charge, how many torpedoes you will charge, what pressure 
you will want, and what bell signals you will use. 

2. Check the torpedo to make sure the blow valve, the air 
flask drain, and the stop valve are all closed. 

3. Seat the starting piston by turning the starting index 
spindle until it clicks. Line up the scribe marks. 

4. Put a safety wedge behind the starting lever, and put a 
lock on the propellers. Leave these two safety devices in 
place from now on. Don’t take them off until your final 
preparations for firi ng. 
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5. Remove the water and fuel compartment plugs from the 
torpedo. 

6. Take out the charging valve plug and washer. 

7. Attach the charging line to the charging wing nut. (Be 
very careful, throughout the charging job, to avoid sharp 
bends or twists in the charging line. Copper lines should be 
fairly soft and pliable; if they aren’t, anneal them. If you 
use a rubber charging line, protect it from contact with oil 
and grease.) 

8. Screw the charging wing nut into the charging valve of 
the torpedo. 

9. Secure the safety strap around the torpedo, with both 
ends hooked to the charging wing nut. Never begin a 
charge until the safety strap is in place. 

10. Open the torpedo stop valve. Then ease it back about 
three-quarters of a turn, to keep it from jamming. 

11. Open the stop valve in the charging line. 

12. Signal the compressor man to start the compressor. 
Make sure that the air is going through at least one of the 
two separators. While the flask is charging, crack the 
separator drain valve frequently. This will blow down any 
water that collects in the separator. 

13. Watch the air pressure gage constantly. You must 
never let the pressure go above the limit stamped on the 
air flask of the torpedo. When the gage shows that the flask 
has been charged to the proper pressure, close the stop valve 
in the charging line. 

14. Close the torpedo stop valve. 

15. If another torpedo is to be charged, signal the other 
torpedo station to cut in on the charging line. If not, signal 
the compressor man to stop the compressor. 

Now, if you touch the air flask, you’11 find that it’s hot. 
Just how hot it is depends on how much air youVe put into 
it, and how fast you Ve put it in. If you start with anempty 
flask, and bring it up to 2,800 psi fairly fast, it will be so hot 
you can*t keep your hand on it. 

As the air in the flask cools, its pressure will drop. That 
means you will have to continue charging after the air flask 


Digitized by Google 



has cooled. You might be tempted, at tliis point, to speed 
up the cooling by spraying the flask witli water. Or, if you’re 
on a submarine, you might be tempted to put the torpedo 
into the tube and flood it. But don’t do it. 

A CHARGED AIR FLASK MUST NEVER BE ARTI FICI ALLY COOLED. 

Rapid cooling will strain the flask, and make it dangerous 
for future handling. If you should sprav it with water when 
it’s really hot, it might even crack. And a crack would be 
followed almost instantly by an explosion. There’s nothing 
to do but wait until the air flask cools naturally. 

What you do now depends on how soon you must have the 
torpedo ready for firing. If you need it as soon as possible, 
wait for it to cool and then bring it up to 2,800 psi again. 
(You may have to repeat this operation four or five times 
before youYe finished.) If there’s no hurry, signal the com¬ 
pressor to shut down, and arrange for another charge later on. 

How do you know when you’re finished? After each 
charge, feel the air flask. If it’s hot, you know its pressure 
will drop when it cools. If it’s cool, or barely warm, you’re 
finished. 

16. If the flask is cool and fully charged, or if you don*t 
plan to give it another charge immediately, youTe ready to 
secure the charging apparatus. First, close the stop valve in 
the charging line. Then close the torpedo stop valve. 
Finally, open the bleeder valve in the charging line. 

17. With the bleeder valve stili open, slowly unscrew the 
charging wing nut. 

18. Now, before you unsling the safety strap, make a final 
checkup. The charging line stop valve and the torpedo stop 
valve must be closed. The bleeder valve must be open. If 
everything checks, remove the charging wing nut and unsling 
the safety strap. 

19. Replace the charging valve washer and plug. 

20. Hang a sign on the air flask to sliow that it 's charged. 
This is a required warxixg. From now on, the flask must 
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be handled with extreme care. You are forbidden to hoist a 
charged flask from a submerged torpedo room, or to strike it 
below, except on an authorized torpedo or airplane elevator. 

21. Remember that if the flask gets hot, the pressure inside 
it will rise. A charged air flask must be carefully protected 
from heat. If possible, keep it out of direct sunlight. Or, if 
you must let it stand in the sun, put a cover over it. And 
leave a space between the cover and the air flask. 

LUBRICATION AND PRESERVATION 

We don’t need to teli you that a piece of machinery can’t 
work effieiently without proper lubrication. At hundreds 
of points in the torpedo—at every gear, bushing, bearing, 
slide, valve, and linkage—one metal surface slides over an- 
other. How easily these surfaces slide depends partly on how 
smooth they are. 

If you examine the smoothest possible piece of polished 
Steel under a powerful microscope, you’11 see that it isn’t 
perfectly smooth. Its surface is covered with tiny grooves 
and ridges. When you try to slide one metal surface over 
another, these grooves and ridges interlock, and resist the 
sliding motion. This resistance, of course, we call friction. 

We can reduce friction by putting a film of lubricant —oil 
or grease—between the two surfaces. If we choose the proper 
lubricant for the job, the film will hold the two surfaces 
apart, and keep their grooves and ridges from interlocking. 
The surfaces slide against the film of lubricant, rather than 
against each other. 

What happens to machinery when we try to run it without 
lubrication? Let’s say that you have a shaft, turning in a 
bearing bushing. The shaft is dry—there’s no lubrication. 
The shaft will turn, at first, but not as fast as it would with 
oil in the bearing. Why not? Because you have to spend 
energy to overcome the friction—to drag the grooves and 
ridges of one surface over those of the other. This energy is 
released as heat. The shaft gets hot, and it expands. That 
decreases the clearance between shaft and bearing, and in- 
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creases the friction. Now you need more energy to overcome 
friction, and the friction develops more beat. 

That process can’t go on very long. In a short time tlie 
shaft will expand so far that it will “seize” in the bearing, 
and refuse to tuin. When you disassemble the mechanism 
you’11 find that both surfaces are badly scored. 

Lubrication will prevent all that— provided we choose 
the proper lubricant for the job. Its viscosity, or thickness, 
must be high enough to hold the surfaces apart, but low 
enough to let them slide freely. The lubricant must be 
ehemically suitable; it must not attack the metals it’s sup- 
posed to lubricate. And it must be ehemically stable—it must 
not break down ehemically under the conditions in wliicli 
we will use it. 

The lubricant we choose for any given job depends on 
several things: the metals the two surfaces are made of, and 
how smooth the} 7 are; the area in contact; the pressure and 
clearance between the surfaces; the operating temperature, 
and the operating speed. You can see that lubricants aren’t 
interchangeable. To do the job right, you must use the 
proper lubricant on eacli point in the torpedo. But you won’t 
have to make the choice for yourself. Your checkoff list 
specifies the proper lubricant for eacli step. All you have to 
do is follow the directioris. 

Here is a list of torpedo lubricants. The letters are the 
symbols used in lubrication checkoff lists. 

A. Torpedo gyroscope oil (Ord) MIL-L-16958. 

B. Hot-running torpedo oil (OS 856). 

C. Force-feed mineral lubricating oil, light, class 2 (Navy 
symbol 2110. 

D. Mineral marine engine and cylinder oil, Navy Symbol 
5190. 

E. Petrolatum, Navy specification 14-P-l. 

F. Grease, mineral, lubricating (cup), medium, Federal 
specification VV-G-632, Type B. 

G. Naval torpedo station tail-packing compound MIL-T- 
3123. If “S” is available, use it wherever your checkoff 
list calls for “G” 
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H. Force-feed mineral lubricating oil, light, class 1, Navy 
symbol 1100. 

J. Light rust-pre venti ve compound, polar type; type III, 
MIL-C-972. 

K. Heavy rust-preventive compound, polar tvpe, type I, 
MIL-C-972. 

L. Gasket sealing wax (52-W-9). 

S. Torpedo tail grease MIL-L-3545. When this grease 
is available, use it in place of “G” 

Preservation 

We don’t need to teli vou that steel rusts quic-kly in damp 
air or in water—especially sea water. Rust destroys the 
surface finish of machined parts, and makes them useless in 
precision machinery. Preserving the steel parts of a torpedo 
would be easier if steel were the only metal present. But the 
torpedo also contains copper, bronze, and lead. You 
probably know that when you put two different metals in 
an electrolyte (such as sea water), the combination sets up 
a battery action. An electric current flows, and corrodes the 
metal. 

Here^ an easy experiment to show you what this battery 
action can do. Find a strip of steel and a strip of copper. 
Make sure they’re clean, and free from oil and grease. Bolt 
the two strips together, and drop them in a jar of sea water. 
Examine the metal strips every dav or two, to see how quickly 
the steel corrodes. Thafs what will happen in your torpedoes 
unless you prevent it. 

But this experiment won’t work if the metal strips are 
covered with oil or grease. Oil or grease will prevent contact 
between the metal surfaces and the water. There will be no 
Chemical action—no rust or corrosion. A very important 
part of your maintenance job is keeping all the metal 
surfaces of the torpedo coated with a preservative film of 
oil or grease. At some points—for example in the gears and 
bearings—the lubricant acts as a preservative. At other 
points—such as the outside of the air flask—you’11 use a 
grease that’s specially chosen for its preservative properties. 
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Lubrication Proccdure 

You’11 find a lubrication chart in eacli Ordnance Pamplilet 
that describes a torpedo. The chart includes a sectional 
drawing of the torpedo, and a cheekoff list. It shows which 
parts to lubricate, when to lubricate them, and which lubri¬ 
cant or preservative to use. On some ships you may be 
provided with special lubrication charts, which you will use 
instead of those in the OP’s. 

Here are a few general rules that you will find helpful: 

Lubricate all the parts that call for one type of lubricant 
before you go on to parts that call for another type. 

Finish each part completely, and replace its oil plug, before 
you go on to the next part. 

Proper lubrication requires good judgment. Use oil and 
grease generously, but not excessively. In some places, too 
much lubricant is almost as bad as too little. This is 
especially true of the gyro bearings. In the top and bottom 
bearings of the gyro pot, and in the outer gimbal bearings, 
you put two drops of oil. In each of the gyro wheel bear¬ 
ings, you put only one drop of oil. 

As you lubricate a moving part, exercise the part to work 
the oil in. Wipe up any extra oil with a clean lintless 
rag. Be especially careful to keep dirt, grit, and lint out 
of the oil, and out of the moving parts of the torpedo. St.rain 
the oil before you use it. Do not use waste or any similar 
material on your oil containers, or on any part of the torpedo 
lubrication system. Many of the oil passages in the torpedo 
are so small that one grain of dirt, or one thread of lint, could 
clog them completely. 

Here is a list of points to be lubricated. (We took this 
list from the Jubrication chart for the Mk 15 torpedo. With 
a few changes it could apply to any otlier gas-steam torpedo.) 
The list telis you which lubricant to use on eacli point, and 
when to use it. 

Note: During overhaul, you lubricate all of these 
points except No. 45. 
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1. Outside of the torpedo—slush with K. (After-run 
treatment.) 

2. Exploder mechanism—apply C to the firing mecha- 
nism; grease theimpeller shaft and the impeller shaft 
worm with 0 . (Final adjustments.) 

3. Head and flask joint, and joint screws—apply D. 
(Final adjustments.) 

4. Headlight gasket—apply E . (Final adjustments.) 

5. Air-releasing mechanism—apply C on all working 
parts, and apply E on the gasket. (Preliminary ad¬ 
justments.) 

6. Torch case gasket—apply E. (Overhaul only.) 

7. Inside of the exercise head—apply J. (Overhaul 
only.) 

8. Discharge valve—exercise and grease with E; apply 
E on the washer. (Preliminary adjustments.) 

9. Forward bulkhead joint (on forged flasks only)— 
apply 75 percent strained white lead and 25 percent 
C; apply D to the holding screws. (Overhaul only.) 

10. Inside of forged air flask—coat with J. Inside of 
welded air flask—clean with hot water and blow dry, 
but do not apply any preservative. (Overhaul only.) 

11. Inside of the water compartment—apply J. (Overhaul 
only.) 

12. Fuel and water filling plugs—apply C. (Overhaul 
only.) 

13. Water compartment bulkhead joint—apply 75 per¬ 
cent strained white lead and 25 percent C; apply D 
to the water compartment bulkhead screws. (Over¬ 
haul only.) 

14. Main air connections through the bulkheads—apply 
75 percent strained white lead and 25 percent C. 
(Overhaul only.) 

15. Flask and afterbody joint screws—appty D. (Over¬ 
haul only.) 

16. Inside of the midship section—coat with J. (Overhaul 
only.) 
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17. Stop and charging valve—exercise and oil with C. 
(Overhaul only.) 

18. Air check valves—oil with C . (Preliminary and final 
adjustments.) 

19. Fuel and water strainers and check valves—oil with 
C. (Preliminary and final adjustments.) 

20. Speed-change bracket—oil with B . (Overhaul only.) 

21. Igniter threads—apply D. (Final adjustments.) 

22. Starting valve—oil with C. (Overhaul onlv.) 

23. Reducing valve—oil valve and stem lightly with C. 
(Overhaul only.) 

24. Restriction valve—apply B to the valve, and dip the 
packing in D . (Overhaul only.) 

25. Main engine gears and bearings—apply B to the gears, 
and apply E to the balls and races. (Overhaul only.) 

26. Depth index setting—apply B. (Overhaul only.) 

27. Oil tanks—fili with B. (Preliminary adjustments, 
final adjustments, after-run treatment.) 

28. Gyro reducer—oil with C . (Overhaul only.) 

29. Starting gear—apply C . (Overhaul only.) 

30. Afterbody after bulkhead bearing—apply D during 
assembly. (Overhaul only.) 

31. Exhaust valve springs—apply B. (After-run treat¬ 
ment.) 

32. Turbine bulkhead gasket—apply D. (Overhaul onlv.) 

33. Oil pump—oil with B . (Overhaul only.) 

34. Drain plug—apply Z>. (Overhaul only.) 

35. Manifold cover gasket—apply D. (Overhaul only.) 

36. Gyro door frame—apply D. (Overhaul only.) 

37. Depth mechanism — oil with C. (Overhaul only.) 

38. Gyro mechanism—oil the entire mechanism with C. 
(Overhaul only.) 

39. Control valve—apply D to the spring, and C to the 
valve. (After-run treatment.) 

40. Gyro spinning and unlocking mechanism—oil with 
C . (Overhaul only.) 

41. Depth engine—oil with C; dip the engine cvlinder 
packing in D. (Overhaul only.) 
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42. Steering engine—oil with (?, and dip the engine cyl- 
inder packing in D. (Overhaul only.) 

43. Gyro bearings—oil with A. (Preliminary adjust- 
ments, final adjustments, after-run treatment.) 

44. Gyro angle-setting de vice—apply < 7 . (Overhaul only.) 

45. Inside of the afterbody—apply B. (After-run treat¬ 
ment. This is the only step not covered during over¬ 
haul.) 

46. Afterbody and tail joint, and joint screws—apply D. 
(Overhaul only.) 

47. Rudder rod connections—apply C ; apply D to the 
packing in the stuffing boxes. (Overhaul only.) 

48. Propeller shaft bearings and after bulkhead bearing— 
grease with 0. (Preliminary adjustments, final ad¬ 
justments, after-run treatment.) 

49. Propeller, rudder, and tail blade surfaces—coat with 
K. (Overhaul only.) 

50. Rudder bearings—apply D. (Overhaul only.) 

51. Bearing in tail cone (on torpedoes without the im- 
proved tail lubricating system)—fili with O. (Prelim¬ 
inary adjustments, final adjustments, after-run treat¬ 
ment.) 

52. Forward propeller hub (after propeller hub on tor¬ 
pedoes with the improved tail lubricating system)— 
fili with G. (Preliminary adjustments, final adjust¬ 
ments, and after-run treatment.) 

ADJUSTMENTS 

When you receive a torpedo aboard a fighting ship, the 
torpedo will be in ready condition. The torpedo crew will 
perform a series of preliminary adjustments and final 
adjustments. After these adjustments are completed, the 
torpedo is in fully ready condition. It is then ready to 
fire. 

Under favorable conditions, you can keep a torpedo in 
ready condition for as long as two years before it has to go 
back for overhaul. Under unfavorable conditions—for ex- 


98 

Digitized by 


Google 



ample if the torpedo is carried in a deck tube—it will have 
to be overhauled sooner. 

Ready Condition 

A torpedo in ready condition should meet ali of these 
requirements: 

Ali the parts are clean, and carefully assembled and 
adjusted. 

The gyro is balanced and tested, and the balance nut is 
locked in the static balance position. 

The torpedo has been checked by stand running tests, and 
other tests. 

The air flask is clean and dry. If it’s a forged flask, it’s 
coated with the proper preservative. 

The fuel and water compartments, the afterbody, the tur¬ 
bine wheels, and the exhaust passages are clean and dry. 

The oil tanks are filled. 

All parts are coated with the proper lubricant or pre¬ 
servative. 

Preliminary Adjustments 

The preliminary adjustments serve several purposes. 
During these adjustments you will test the torpedo for leaks. 
You will test the controlling units to make sure they work 
properly. You’11 check all the reference marks, index dials, 
and pointers, for alignment and accuracy. 

You will make the preliminary adjustments with the tor¬ 
pedo resting on a truck or chocks, under a chain hoist. The 
head section should be removed. Here is a list of the steps 
you will follow to make the preliminary adjustments on a 
Mk 15 torpedo. But remember that we’ve listed these steps 
only to show r you what kind of work is involved; this is not 
a checkoff list. 

1. Put the torpedo right side up on a truck, or in chocks. 
Put on the propeller lock and the starting lever lock. 

2. Remove the water compartment filling plug, the fuel 
filling plug, and the charging valve plug and washer. 
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3. Seat the starting piston by turning the starting gear 
index spindle in the direction of the arrow. 

4. Charge the air flask to 1,000 psi. (If you’re going to 
go ahead with the final adjustments immediately, charge the 
flask to the full 2,800 psi.) 

5. If the torpedo has a forged air flask, turn it nntil the 
blow valve nipple is at its lowest point. Crack the blow 
valve and drain the water from the flask. Close the blow 
valve and turn the torpedo right side up. 

6. If the torpedo has a welded flask, turn it until the air 
vent is at its lowest point. Open the vent to drain the water 
out of the flask. Close the vent and turn the torpedo right 
side up. 

7. Fili the oil tanks with warm oil ( B ). Remove the pro- 
peller lock, and turn the propellers by hand. Check the oil 
pump action; if the oil level drops in the filling hole, the 
pump is working properly. RefiU the tanks. 

8. Remove the after propeller sleeve assembly. Clean 
and grease the bushings and bearing surface. 

9. Fili the after propeller shaft with grease. Turn the 
propellers through at least three full turns while you apply 
the grease. 

10. Replace the after propeller sleeve assembly. 

11. Fili the grease shell inside the after propeller sleeve 
with grease, while turning the propellers through at least 
three turns. Replace the propeller lock. 

12. Remove the drain plugs in the afterbody and tail. 
Drain out the excess oil, if anv, and leave the plugs out. 

13. Exercise and oil the fuel and water check valves, and 
the air check valves. If the valves are stickv, remove them 
and correct the trouble. 

14. Remove the fuel and water strainers. Wash them, 
and blow them dry with low-pressure air. Inspect the strain¬ 
ers carefully, to make sure the mesh is clean. Then replace 
the strainers, washers, and plugs. 

15. Test the control valve, and set it for the pressure 
shown in the record book. Install the control valve in the 
torpedo, and connect its pipes. Make sure tliat the exhaust 
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line from the control valve will not interfere with tlie motion 
of the inertia weight. 

16. Turn the torpedo bottom side up. Using test fixture 
SG 2857, pump 15 pounds of pressure into the atmospheric 
chamber of the depth mechanism. The chamber must hold 
15 psi for 5 minutes. If it doesidt, replace the diaphragm 
with a new one and repeat the test. 

17. Turn the torpedo right side up. Remove the plug 
from the air strainer body, and install the adapter. 

18. Work the rudders by hand to check their alignment. 
The top surfaces of the rudders should line up with the zero 
lines on the tail cone. 

19. To the adapter in the air-strainer body, connect the 
test panel WA-16032. (If WA-16032 isn’t available, use 
test panel SG-2348, or test set SG-5033.) Remove the 
transportation screw and insert the pendulum test pin. Turn 
on the air, at 450 psi. The scribe mark on the valve con- 
necting rod of the depth engine should be in alignment with 
the scribe mark on the valve stop. If it isn’t, unclamp the 
valve and adjust it to that position. 

20. With the air on, and the pendulum test pin in place, 
check the neutral position of the depth rudders. The neutral 
position should be l}{ down. It it isn’t, adjust it by turning 
the rudder adjusting eye. Half a turn is the smallest adjust- 
ment you can make, since the rudder rod must line up with 
the forked end of the rudder rod connection. A half turn of 
the rod will change the rudder setting by one-fourth of a 
graduation. 

21. Remove the pendulum test pin and install the replace- 
ment screw. 

22. With the air on, move the pendulum by hand, in botli 
directions, against its stops. The full rudder throws should 
be one up and four down. If the rudder doesn’t move to 
full-throw in both directions, find the trouble and correct 
it. 

23. Hoist the torpedo ciear of the truck or chocks. Install 
a screw hook in the diaphragm nut, and attach a 10-pound 
weight. Put a bevel protractor on the top center of the air 
flask (not on the guide stud), and level the torpedo. 




24. Turn the depth index spindle until the scribe mark on 
the valve connecting rod lines up with the mark on the valve 
stop. Move the pendulum back and forth by hand. The 
scribe marks should stili be in line after the pendulum comes 
to rest. 

25. When the valve is centered, the depth index dial 
should read 15 feet. If it doesn% disengage the side gear 
spindle from the socket, and set .the dial on 15 feet. 

26. With the weight stili attached, check the neutral throw 
of the rudders again. 

27. Tilt the torpedo to test the sensitivity of the pendulum. 
(Use the bevel protractor to measure the angle of tilt.) The 
pendulum should start to move when the torpedo tilts half 
a degree up or down. It should move all the way to its stop 
when the torpedo tilts 2%° in either direction. 

28. Remove the weight and screw hook, and replace the 
access plug and washer in the atmospheric chamber. Set 
the depth index at 10 feet. Remove the replacement screw 
and install the transportation screw. Replace the torpedo 
on the truck. 

29. Remove the propeller lock. Turn the propellers by 
hand until the steering mechanism pallet moves forward 
ciear of the pallet pawls. Replace the propeller lock. With 
the air on, move the steering engine valve in both directions 
by hand. Measure the steering rudder throws with the 
vernier scale. The rudder throws should be equal in both 
directions, and should agree with the throws in the record 
book. 

30. Turn off the air and remove the test pipe. Remove 
the adapter, and replace the washer and plug in the air- 
strainer bodv. 

31. Test the operation of the speed-cliange spindle by 
nioving it from high to intermedia te to low several times. 
Leave it in the low speed position. 

32. Replace the water compartment filling plug. 

33. Check the torque required to turn the gyro-setting 
socket. The torque should be not more tlian 5 pounds-feet. 
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34. Turn tlie torpedo bottom side up. Remove the gyro 
damp piate cover, the gasket, and the gyro bottom head. 
Using the outside setting socket, turn the angle-setting 
device ali the way to its extreme left and right positions, to 
make sure that nothing interferes with its movement. Make 
sure that the zero setting in the pot coiresponds with the 
zero setting on the outside index. 

35. Wipe the inside of the gyro pot dry with a clean, 
lintless cloth. Remove the propeller lock, and turn the 
propellers to move the pallet to its extreme after position, 
away from the gyro. Replace the propeller lock. 

36. Oil the gyro top bearing. Lock and unlock the 
gyro-spinning mechanism, to test its action. Inspect and 
install the gyro. (Be very careful not to damage the 
extender in the top bearing holder.) 

37. Oil the gyro bottom bearing. Install the bottom head 
with the zero marks coinciding. (Spin the outer gimbal ring 
as you install the bottom head, so that the gyro will align 
itself in its bearings.) 

38. Replace the drain plugs and washers in the afterbody 
and tail. Turn the tprpedo right side up. 

39. Lock and unlock the gyro by hand. The centering 
pin must release freely, without kicking the gyro. (Impor¬ 
tant: The torpedo must be right side up for this test.) 
Lift the outer gimbal ring by hand, to make sure there’s a 
slight clearance between the top and bottom bearings. 

40. Lock the gyro, and turn the torpedo bottom side up. 
The hand trip lever should be flush against the recess in the 
wall of the gyro pot. (If it isn’t, the gyro is not fully locked. 
Unlock the gyro, turn the spinning wheel 1% turns clockwise, 
as viewed from aft, and lock the gyro again.) 

41. Replace the gyro clamp piate cover and gasket, and 
turn the torpedo right side up. 

42. Move the steering engine valve by hand to mid- 
position. Remove the propeller lock. Now watch the 
steering engine valve wliile someone turns the propellers. 
The yalve should not move. If it moves, the gyro top piate 
is not properly indexed for a straiglit sliot. Center it by 
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turning the outside setting socket. Note the difference 
between the setting on the pot and on the outside setting 
socket index. Report this difference to the torpedo officer. 

43. Check to make sure a dummy igniter is installed, and 
the igniter lead connected. Secui e two propeller locks on 
two opposite propeller blades. Remove the transportation 
screw and insert the replacement screw. 

44. Hoist the torpedo ciear of the truck. Seat the starting 
piston by turning the starting gear index spindle. Leave 
the tool on the spindle. 

45. Remove the starting lever wedge. Move the inertia 
starting weight aft, and trip the starting lever. 

46. Open the stop valve smartly, to spin and unlock the 
g 3 TO. Then close the stop valve. 

47. Remove botli propeller locks, and install a propeller 
guard. If no propeller guard is available, warn all personnel 
to st and ciear of the propellers. 

48. Open the stop valve far enough to run the main engine 
at moderate speed, and to supply pressure to the depth and 
steering engines. 

49. Swing the torpedo to right and left, and note the 
movement of the steering rudders. Tilt the -torpedo up and 
down. The depth rudders should move smoothly to full- 
throw in both directions. 

50. Turn the starting gear index spindle to seat the 
starting piston. Close the stop valve. Replace the starting 
lever lock and one propeller lock. 

51. Remove the replacement screw and install the trans¬ 
portation screw. Lower the torpedo onto the truck or 
chocks. Let the gyro coast until it stops; don’t try to stop 
it by hand. 

52. Turn the torpedo bottom side up. Remove the gyro, 
clean and oil it, and replace it in its Container. Replace the 
bottom head, and the clamp piate cover and gasket. 

53. Inspect the water intake and discharge scoops for the 
after bulkhead bearing, and the intake scoop for the depth 
mechanism. The scoops should be free from grease and dirt. 
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54. Turn the torpedo right side up. Remove the water 
compartment filling plug. Replace the fuel filling plug, then 
the water compartment filling plug. 

55. Disconnect and remove the control valve. Take the 
compression off its spring, and put the valve in its stowage 
box. 

56. Replace ali the hand hole plates and gaskets. 

This completes the preliminary adjustments. The torpedo 
is now ready for the final adjustments, to prepare it for 
firing. (If you’re going to make an exercise sliot, you’11 ha ve 
to perform a separate set of adjustments on the exercise 
head. But we won’t list the steps here.) 

Final Adjustments 

1. Check to make sure that the stop valve is closed, 
the propeller lock on, and the starting lever lock in place. 

2. Fili the oil tanks and test the oil pump action, as in 
step 7 of the preliminary adjustments. 

3. Lubricate the tail bearing surfaces, as in steps 8 to 12 
of the preliminary adjustments. 

4. Remove the port hand hole piate. Remove the start¬ 
ing lever lock, and turn the spindle one full turn in the 
direction shown by the arrow. Stop with the pointer on 
stakt. Now check the clearance between the piston lifter 
and the starting piston stem. The clearance should be 
one-fourth inch. Replace the starting lever wedge. 

5. Test the control valve, and set it to the pressure given 
in the record book. Install the valve, and connect its air 
pipes. 

6. Remove the water compartment filling plug and the 
fuel filling plug. 

7. Charge the air flask to 2,800 psi. Close the stop 
valve, then open it one-half turn. 

8. Exercise and oil the air and delivery check valves. 
Wash and dry the fuel and water strainers. 

9. Fili the fuel flask, and replace the fuel filling plug. 
Fili the water compartment with distilled water, and replace 
the water compartment plug and washer. 
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10. Remove the dummy igniter. Turn the torpedo to 
port, and drain the combustion flask. (Hold your finger 
over the igniter pipe while the flask is draining, to keep 
liquid from entering the pipe.) 

11. Turn the torpedo bottom side up. Remove the gyro 
clamp piate cover and bottom head. Make sure that the 
top piate and the outside bottom setting socket both show 
zero gyro setting. 

12. Wipe the inside of the gyro pot dry with a clean, 
lintless cloth. Remove the propeller lock, turn the propel- 
lers to move the pallet to its extreme after position, and 
replace the propeller lock. 

13. Inspect and oil the gyro top bearing. Lock and 
unlock the v spinning mechanism, to test its action. 

14. Inspect the gyro, then carefully install it in the pot. 
Oil the bottom bearing. Install the bottom head, with the 
zero marks coinciding, and turn the torpedo right side up. 

15. Lock and unlock the gyro by hand, to make sure the 
centering pin moves freely without kicking the gyro. And 
remember that the torpedo must be right side up during 
this test. 

16. Turn the torpedo bottom side up and lock the g 3 r ro, 
making sure that it’s fully locked. And oheck to see that 
the top piate is stili set on zero. 

17. Install the clamp piate cover and gasket, and turn 
the torpedo right side up. 

18. Replace the gasket and hand hole piate, setting the 
holding nuts up evenly. Check the joint screws in the 
afterbody and tail, to make sure they are tight. Check 
the lock nut for the after propeller sleeve. 

19. Remove the transportation screw. Insert the re- 
placement plug, with the “O” ring in place. Set the depth 
index. 

20. Remove the drain plugs in the afterbody and tail. 
Drain the excess oil, if any, and replace the plugs. 

21. Install the war head, then tum the torpedo bottom 
side up. 
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22. Remove the cover from the exploder mechanism casing, 
and carefully dry the inside of the casing with a lintless 
cloth. 

23. Grease the impeller shaft of the exploder mechanism. 
Check to see that the arming screw is up, and that its threads 
are disengaged from the threads of the arming gear. 

24. Remove the impeller guard, and turn the impeller 
(less than one turn) by hand. With the impeller test tool 
on the tip of one blade, measure the force required to start 
the impeller. It should be between 20 and 24 ounces. 
If it’s outside those limits, adjust the impeller gland nut 
and repeat the test. 

25. Set the delay de vice worm wheel at its starting posi- 
tion. Note that the contact button is against the worm 
wheel. 

26. Make sure that the delay wheel wire, the contact but¬ 
ton, and the insulation bushing are clean, and free from 
oil, grease, or corrosion. 

27. Install a Booster Mk 2 or Mk 5 in the casing, with 
the detonator cavity out. The booster should be a loose 
fit, so that it will rest on the safety chamber when you turn 
the torpedo right side up. 

28. Thread the detonator wires through the hole in the 
arming screw. Install the safety chamber and detonator 
on the arming gear. Make sure that the guide pins on the 
arming screw slide freely into the detonator holder. 

29. Separate the ends of the detonator leads, and connect 
one lead to each of the terminal posts on the firing mechanism 
base. Give the wire ends and terminals three coats of 
compound AN-C-128. 

30. Connect leads from the exploder mechanism to the 
inertia switch, and give the connections three coats of com¬ 
pound AN-C-128. Install the inertia switch in the war 
head. 

31. Install the exploder mechanism in its cavity. As you 
do so, be especially careful not to cut or ground the wires 
that go to the inertia switch. Set the base piate holding 
screws evenly. 


107 


Digitized by 


Google 



32. Through an adapter installed in the base piate, pump 
air at 10 psi into the exploder mechanism casing. Mount a 
metal cofferdam around the base piate, and fili the cofferdam 
with water. (If bubbles appear, air is leaking from the 
exploder cavity.) Remove the cofferdam. Remove the 
adapter and replace the plug. Then replace the impeller 
guard. 

33. Turn the torpedo right side up. Remove the starting 
lever wedge, and load the torpedo carefully into the tube. 
Slide it gently up against the front stop. Do not jam it 
forcibly against the stop. Lower the back stop. 

34. Engage the gyro angle-setting spindles. Set the gyro 
for any angle greater than 45° and make a note of the setting. 

35. Engage the depth-setting spindles. Set any depth on 
the torpedo, and make a note of the depth you set. 

36. Disengage the gyro and depth-setting spindles. 
Raise the back stop, and haul the torpedo out of the tube as 
far as the afterbody joint ring. 

37. Remove the gyro clamp piate cover and note the angle 
on the gyro index in the pot. This angle should be the same 
as the setting you made in step 34. 

38. Replace the gyro clamp piate cover and gasket. 

39. Read the depth index dial. The dial should show 
the depth you set in step 35. 

40. Seat the starting piston by turning the index spindle 
one complete turn. Match the pointers on the index 
spindle and the starting gear base. 

41. Check the speed setting. 

42. Open the stop valve wide; then close it one-eighth 
turn. 

43. Install the igniter and its washer, and connect its air 
pipe. Be sure to set the nut up tight. 

44. Push the torpedo into the tube, until the guide stud 
gently meets the front stop. Lower the back stop, and close 
the front stop. 

45. If the gyro and depth settings in the torpedo are the 
same as those you made on the tube, check the tube to be 
sure the settings have not been changed. If the settings are 
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different from those vou made, change the tube settings to 
correspond witli those in the torpedo. 

46. Engage the gyro and depth-setting spindles. Set the 
gyro angle at zero, and the depth at 10 feet. 

47. Check the tripping latch to make sure it works freely. 
Leave it in the down position. 

The torpedo is now ready to fire. 

AFTER-RUN TREATMENT 

After an exercise shot, there are two things that must be 
done immediately. First, you have to recover the torpedo 
and get it back aboard the firing ship. Second, you have to 
give it an after-run treatment, to keep it from deteriorating 
before it can be overhauled. 

In recovering a torpedo, always approach it from the lee 
side. Otherwise the boat may set down on the torpedo, with 
damage to both. Pass the nose line first through the tail 
line noose, then through the torpedo’s nose ring. Secure the 
nose line so that the torpedo will be held well forward, on the 
side of the boat that will be outboard when you’re under the 
hoisting davit. Work the tail line noose aft on the torpedo, 
until you can haul it tight around the tail. If the torpedo is 
floating nose up, go ahead slowly on the boat’s engine. That 
will bring the torpedo to a horizontal position, so that you 
can pass and secure the tail line. 

As soon as youVe secured the nose and tail lines, close the 
torpedo stop valve, and put on a propeller lock. Pass a 
hoisting strap around the air flask, just forward of the guide 
stud. Use a piece of line to hold the ends of the strap 
together. 

Bring your boat alongside the ship, and secure it under the 
hositing davit. Shift the hoisting strap to a point just abaft 
the guide stud on the air flask section of the torpedo. Pass 
the nose and tail lines—don’t throw them—up to the ship. 
After you hook the hoisting gear on, get your boat ciear. 
But stand by to change the position of the hoisting strap, if 
necessary. 
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Here are the steps for the after-run treatment: 

1. Put the torpedo on a truck or in chocks. Close the 
blow valve, and install a starting lever wedge. 

2. Seat the starting piston. 

3. Remove the headlight or torch from the exercise head. 

4. Remove the replacement plug and install the trans- 
portation screw. 

5. Remove the drain plugs from the afterbody and tail. 
When all the liquid has drained from the afterbody, 
replace its drain plugs. 

6. Remove the gyro clamp piate cover. 

7. Disconnect and remove the igniter. 

8. Fili the oil tanks with oil, and make a note of the 
quantity required to fili the tanks. 

9. Turn the torpedo over to port, far enough to drain the 
combustion flask. When the flask is empty, turn the 
torpedo bottom side up. Install a dummy igniter, 
and connect its air pipe. 

10. Remove the gyro bottom head, and lift out the gyro. 
Wipe the pot dry. Clean and oil the top and bottom 
bearings of the gyro. Replace the bottom head and 
the clamp piate cover. 

11. Remove the water compartment filling plug, and 
drain the water into a can. Measure the amount of 
water that was left after the run. 

12. Remove the fuel filling plug. Drain the fuel into a 
can, and measure its quantity. 

13. Turn the torpedo right side up, and replace the water 
filling plug. 

14. Remove the propeller lock, the after propeller, and the 
after propeller sleeve and bushings. 

15. Remove the forward propeller and hub. 

16. Take out the rudder connection screws and the tail 
joint screws, and remove the tail. Remove the for¬ 
ward propeller sleeve. 

17. Remove the cotter pins and nuts from the exhaust 
valve bracket studs, and remove the exhaust valve 
bracket assembly. 
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18. Clcan, inspcct, and oil the cxhaust valve springs. 
Replace the exhaust valve bracket assembly. Clean 
and oil the valves and their seats. 

19. Clean, inspect, oil, and replace the forward propeller 
sleeve, the tail, the forward propeller hub, the forward 
propeller, and the foiward propeller nut. 

20. Clean and grease the bushings and replace them on the 
after propeller sleeve. Replace the after propeller 
sleeve and the after propeller. 

21. Replace the rudder connection screws, and the rudder 
access and tail drain plugs. 

22. While turning the propellers through three complete 
turns, fili the after propeller shaft with grease. 

23. While turning the propellers through three complete 
turns, fili the grease shell inside the after propeller 
sleeve with grease. 

24. Charge the air flask to 1,000 psi. 

25. Remove the propeller lock and the afterbody drain 
plug. Set the speed change mechanism to low speed. 
Turn the propellers by hand, to make sure the engine 
turns freely. 

26. Remove the starboard hand hole piate, and check to 
sec that the inertia weight is all the way aft. Remove 
the starting lever wedge, and push the starting lever 
to the rear. 

27. Slowly open the stop valve, and give the torpedo a 
deck run. Control its speed with the stop valve. 
Run the engine until clean oil comes out through the 
afterbody drain plug. 

28. Seat the starting piston, and close the stop valve. 
Replace the propeller lock, the starting lever wedge, 
and the afterbody drain plug. 

29. Remove the water compartment filling plug. Replace 
the fuel filling plug, and then the water compartment 
plug. 

Xow, if the torpedo is to be fired again, proceed with the 
fixal adjustments. If not, go on with these steps: 
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30. Remove the hand hole plates. Disconnect and re¬ 
move the control valve. Relieve the compression on 
the valve spring. Clean and oil the control valve, 
and stow it in its box. 

31. Set the depth index on zero. Turn the torpedo 
bottom side up, and disconnect the water pipe from 
the depth mechanism. Disconnect the air pipes and 
valve connections from the depth and steering engines. 
Disconnect the depth and steering rudder rods, and 
remove both engines. 

32. Disconnect the gyro spin pipe. Remove the holding 
screws from the gyro housing, and remove the clamp 
piate cover and bottom head. Lock the spinning 
mechanism. 

33. Remove the gyro and depth mechanism from the after- 
body. Wipe the gyro pot dry with clean, lintless 
rags. 

34. Use low-pressure air to blow the moisture out of the 
gyro bearings. Then oil the bearings. 

35. Blow the moisture out of the spinning mechanism. 
Wipe all the parts dry, and oil them. 

36. Dry, clean, and oil all the parts of the gyro and depth 
mechanisms. 

37. Remove the manifold cover piate, and disconnect the 
pipes. Remove the main engine, and thoroughly 
slush all its parts with oil. 

38. Replace the main engine, connect the air pipes, and 
replace the manifold cover piate. 

39. Dry the starting gear, and oil it. 

40. Replace the gyro and depth mechanisms, and connect 
the gyro spin pipe. 

41. Replace the depth and steering engines, and connect 
their valves, rudder rods, and air pipes. 

42. Connect the water pipe to the depth mechanism. 

43. Replace the gyro bottom head and clamp piate cover. 

44. Drain the afterbody and tail, and replace the plugs. 
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UPKEEP ROUTINES 

As you know, a fully ready torpedo must often stay in the 
tube for months before it’s fired. You’11 have to give it 
eareful maintenance if you want to keep it in full ready con- 
dition. Here are the routines. 

Daily 

1. Gauge the air flask, and give it a booster charge if 
necessary. 

2. Check to see that the impeller stop is in place, and the 
lanyard secure. 

Weekly 

1. Turn the propellers by hand at least 120 turns. 

2. Shift the speed-change mechanism to ali speeds, then 
return it to the required speed setting. 

3. Operate the depth-setting mechanism to 50 feet, then 
return it to the required setting. 

4. If you’re in port, or if the weather permits, refill the 
oil tanks. 

Monthly 

1. Remove the tube impulse charge, and disetigage the 
setting spindles. 

2. Remove the torpedo from the tube. (As soon as you 
open the tube door, put on the propeller lock. As 
soon as you can reach the stop valve, close it.) 

3. Insert a wedge behind the starting lever, and put the 
torpedo on a truek or in chocks. 

4. Remove the ignit er, and check the condition of its 
end seal. Replace it in its Container and stow it. 

5. Drain the afterbody and tail. Turn the torpedo 
bottom side up, draining the combustion flask on the 
way over. 

6. Remove the exploder mechanism, detonator, and 
booster. Replace the protecting cover in the exploder 
mechanism casing. 

7. Turn the torpedo right side up. Exercisc and oil the 
air, fuel, and water check valves. 


Digitized by Google 



8. Clean the fuel and water strainers. 

9. Remove the hand hole plates, and check the action of 
the starting gear. 

10. Remove and test the control valve. If it doesn’t 
operate at the pressure stated in the record book, set 
it for that pressure. Replace and connect the valve 
in the torpedo afterbody. 

11. Operate the depth-setting mechanism to 50 feet, and 
retum it to the required setting. Swing the pendulum 
back and forth a few times by hand. 

12. Work the depth rudders up and down a few times, 
using one hand on each rudder, with the same amount 
of force on each. 

13. Work the steering rudders by hand, using the same 
method as in step 12.. 

14. Remove the propeller lock. Turn the propellers by 
hand, at least 120 tums, and listen for any unusual 
sounds. Have some one tum the propellers while you 
check the action of the pallet and slide. The pallet 
should not touch either pallet pawl when it’s in 
neutral position with the gyro locked. 

15. Have some one turn the propellers while you move the 
steering engine valve by hand. The pallet blade 
should not strike either pallet pawl. 

16. Turn the propellers by hand with the speed-change 
mechanism at each of its three settings. Then replace 
the propeller lock. 

17. Fili the oil tanks with oil, and fili the after bcaring and 
tail bearing with grease. 

18. Insert a wedge beliind the starting lever, then crack 
the stop valve. Turn the torpedo bottom side up, 
draining the combustion flask on the way over. 

19. Remove the gyro cover piate. Unlock the gyro, and 
remove the bottom head. 

20. Remove and inspect the gyro, and make sure its 
balance nut is tight. Oil the gyro bearings. 

21. Lock and unlock the spinning mechanism first by hand 
and then by turning the spinning shaft. 
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22. Tum the gyro top piate full range right and left, then 
retum it to zero. Note that the index inside the pot 
corresponds with the outside setting. 

23. Remove the propeller lock and turn the propellers 
until the eam pavvl is in its extreme after position. 
Replace the propeller lock. 

24. Replace the gyro. Install the bottom head. Lock the 
gyro, and replace the cover piate. 

25. Replace the hand hole plates and the afterbody and 
tail drain plugs. 

26. Install the booster, the impact switch, the detonator, 
and the exploder mechanism. Repeat the cofferdam 
test. for leakage.. (See step 32 on page 108.) 

27. Tura the torpedo right side up, and charge its air flask 
to 2,800 psi. 

28. Check the fuel, oil, and water level. 

29. Install the igniter and connect its air pipe. 

30. Load the torpedo in the tube. 

COLD WEATHER PRECAUTIONS 

When you expect the temperature to drop below freezing, 
you have to add alcohol to the water in the torpedo’s water 
compartment. Figure 4-2 shows the percentage of alcohol 
you’11 need to prevent freezing at any given temperature. 

Here are two important rules: 

1. Drain the water compartment completely. Mix the 
alcohol and water thoroughly, then pour the mixture 
into the water compartment. 

2. Use enough alcohol to protect the torpedo from freezing, 
but use the minimum safe amount. Too much alcohol 
will make the combustion flask overheat during the 
torpedo run. 

When the temperature drops below 40°, the hot-running 
torpedo oil gets thick. You can prevent tliis by adding 
pour-point depressant, at the rate of 6 ounces to each 5 gal- 
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TEMPERATURE - FAHRENHEIT DEGREES 



Figure 4-2.—Wotcr compartment alcohol chart. 

lons of oil. Heat the oil to between 140° and 150° F, and 
mix it thoroughly with the pour-point depressant before you 
pour it into the tanks. 
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OP 950, Torpedoes Mk 13-1 and 2, pages 145-153. 

OP 635, Torpedoes Mk 14 and 23 Types, pages 109-13S. 
OP 642, Torpedoes Mk 15 Type, pages 111-138. 

OP 1763, Torpedoes Mk 16 Mod 3, pages 116-153. 

OP 946, Torpedo Mk 18 Mod 2, pages 173-203. 
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QUIZ 

1. What is an air “accumulator”? 

2. What is the purpose of the separators? 

3. Why must you always use the safety strap when charging an air 
flask? 

4. What is the function of the bleeder valve? 

5. After you charge the torpedo, its air flask will be hot. How should 
you cool it? 

6. What precautions must you observe with a charged air flask? 

7. What factors determine the choice of a lubricant for any given job? 

8. How will you know which lubricant to use on a given part of the 
torpedo? 

9. Where can you find a lubrication chart for the Mk 14 torpedo? 

10. What is the purpose of a preservative? 

11. When should you use a water-alcohol mixture in the torpedo’s 
water compartment? 

12. Why should you use the smallest quantity of alcohol that will 
make a safe antifreeze solution? 

13. When should you mix pour-point depressant with the hot-running 
torpedo oil? 
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ABOVE-WATER TUBES 

In Volume 1, we told you how Whitehead developed his 
first self-propelled torpedo. As you may have heard, White¬ 
head put his torpedo on a mess table, and tilted the table to 
slide the torpedo overboard, into the water. Modera tor¬ 
pedo tubes give you a much more effective way to start your 
torpedoes toward their targets. 

Torpedo tubes do fi ve things: 

1. They hold and protect the torpedo until you fire it. 

2. They provide a way to set the torpedo gyro angle, 
running depth, and speed—right up to the instant of 
firing. 

3. They launch the torpedo ciear of the firing ship. 

4. They start the torpedo in the direction which (consider- 
ing the gyro angle) is calculated to score a hit. 

5. As they fire the torpedo, they start its main engine and 
gyro. 

A torpedo tube mount is made up of one or several barrels, 
witli their related units. 

You can divide torpedo tube mounts into two main 
classes— above-water, and submerged. Submerged tubes 
are mount ed only on submarines; we’ll describe them in 
chapter 6. Above-water mounts are eitlier trainable or 
fixed. 

On destroyers and destroyer escorts, a trainable mount is 
made up of tliree or five barrels—usually five. It’s mounted 
on the centerline of the weather deck (fig. 5-1). 
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Fisure 5-1.—The tube mount capta in at his station. 


As you can see in figure 5-1, a trainable mount takes up a 
lot of deck space. To make room on deck for extra anti- 
aircraft armament, new DD and DE designs have fixed tube 
mounts, rather than trainable mounts. Fixed tubes are 
mounted singly, or in groups of two or more, inside the super¬ 
structure. The tube muzzles extend through the sides of 
the deck house. At prement, most fixed tubes are mounted 
athwartship. (In some of the newer destroyers, the tubes 
point forward at an angle.) Figure 5-2 shows you what a 
fixed above-water tube looks like. 

PT boats usually launch their torpedoes from racks, 
although a few have tubes. The racks or tubes are mounted 
on the main deck, on each side of the boat. 








TRAINABLE A. W. TUBE MOUNTS 

A trainable A. W. tube mount is made up of a number of 
basic units—the stand, saddle, barrels, spoons, spoon exten¬ 
sioris, breech door mechanisms, torpedo stops, training gear, 
gyro-setting mechanisms, depth-setting mechanisms, sight, 
torpedo course indicator, and power and lighting circuits. 
(Some mounts also have a “blast shield,” to protect the 
operators from the blast of near-by gulis.) We’ll describe 
each of these basic units separately. As you read these 
descriptions, look back to figures 5-1 and 5-3, to find the 
location of each basic unit on the mount. 

The stand is a steel casting, about seven feet in diameter, 
at the bottom of the mount. It’s bolted to a structural 
foundation built into the deck of the ship. The stand forms 
a support and vertical pivot for the rest of the mount, which 
revolves upon it on rollers. 

Two indicator ares—one on each side—are bolted to the 
base of the stand. The starboard arc is graduated from 30° 
to 150°, and the port arc from 210° to 330°. An adjustable 
pointer, bolted to the saddle, shows the angle of train of 
the tubes. 

Some mounts have self-contained positive stops, which 



Fisure 5-3.—Tube mount captain making a speed change. 
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make it impossible to train the tube beyond certain limits. 
Other mounts use a train limit stop that’s bolted to the base 
flange of the stand, between the indicator ares. 

Saddle 

The saddle supports the barrels, and part of the training 
gear. It rests and pivots on the stand. Its main parts are 
a steel casting, holding-down clips, a roller path, and training 
circle covers. (In figure 5-3 you can see a part of the saddle, 
under the near tube.) 

Bolted and keyed to the lower outer surface of the saddle 
casting are the holding-down clips. These clips (together 
with the worm housing) keep the saddle from tilting or 
canting off the stand. 

The training circle covers are bolted to the outside surface 
of the saddle, between the holding-down clips and the worm 
housing. They cover the training circle, and keep dirt 
out of it. 

The roller path is bolted to the inside of the saddle. The 
worm housing is bolted and keyed to the saddle. A centering 
pin, about 2}i inches in diameter, is mounted horizontally 
inside the housing. You use it to lock the tube mount in its 
stowed position. To secure the mount you tura a hand 
wheel, which makes the center pin engage the latch plates 
bolted to the stand. 

Barrels 

In its operation, each barrel is much like a gun. It serves 
as an expansion chamber for the impulse gases, and expels 
the torpedo from its muzzle as a gun expels a projectile. 
When you launch a torpedo the barrel guides it in a fixed 
horizontal direction, ciear of the ship’s deck. 

Each barrel consists of three sections—the main barrel, 
the spoon, and the spoon extension. 

The main barrel is a steel cylinder. Mounted on it are 
the “T” guide slot, rollers, access openings, the spoon, 
breech door, torpedo stop mechanism, training gear, gyro-, 
depth-, and speed-setting mechanisms, the firing mecha¬ 
nism, the tripping-latch mechanism, the sight, the trainer’s 
seat, and the torpedo course indicator. 

325961°—55 - 9 



T Guide 

The T guide is set into the top of bhe barrel, the spoon, 
and the spoon extension. It’s riveted in place. A T slot 
machined in the guide receives the guide stud of the torpedo. 
This feature keeps the torpedo from rotating inside the tube, 
and keeps it from striking the deck when it’s launched. 

Rollers 

The rollers are mounted in brackets in the bottom of the 
barrel. They position the torpedo centrally in the barrel. 
And, by reducing friction, they help in the loading and 
ejection of the torpedo. An eccentric pin Controls the height 
of the rollers above the floor of the barrel. Each time you 
fire a torpedo from the barrel, yoiil) have to disassemble the 
rollers and clean them. When you reassemble, adjust their 
height to 0.03 inch. 

Access Openings 

Along the top of the barrel are several access openings 
with removable covers. Through these openings you can 
reach the torpedo charging and stop valves and water 
compartment plug whenever you need to. 

Spoon and Spoon Extension 

The spoon is bolted to the forward end of the main barrel. 
The spoon extension is hinged to the forward end of the 
spoon. To save deck space, you can fold it back over the 
spoon when it’s not in use. 

The under side of both the spoon and spoon extension are 
cut away, as you can see in figure 5-1. The T guide slot 
continues through the spoon and the spoon extension. Thus 
the spoon and its extension serve to protecb the tail of the 
torpedo; thev support the torpedo until its tail is ciear of 
the ma‘n barrel. 

Breech Door 

You can see the breech doors at the right-hand end of the 
barrels in figure 5-3. The door seals the breech end of the 
barrel to form a closed chambcr, where the impulse gases can 
expand and expel the torpedo. 
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The breech door is dome-shaped, to withstand the pressure 
of the impulse gases. It’s hinged to the barrel at the bottom. 
A sealing gasket is cemented in a circular groove around the 
door’s forward edge. The door is held shut by eight dogs; 
to open the door, you have to remove all but the lower two 
of them. A spring counterbalance, secured to the door and 
the barrel at the hinge, helps you open or close the door. 
Here’s an important rule to remember: never jerk the door 
open, or bring it to a jolting stop. Rough treatment is likely 
to damage the mechanism so it can’t form a pressure-tight 
seal. 

Stop Mechanism 

The torpedo stop is bolted on the top of the T guide; it 
keeps the torpedo from sliding back and forth inside the 
barrel. The stop mechanism consists of two units—the 
back stop and the front stop. 

Figure 5-4 shows the stop mechanism assembly. You can 
see the two stops at the bottom of the housing. The one on 
the right is the front stop. 

When t you’re ready to load a torpedo into the tube, you 
turn the back stop handle upright. The motion of the back 
stop handle does two things. First, it engages the back stop 
carrier, which lifts the back stop out of the T slot, against 
the pressure of its spring. Second, it engages the rear side 
of the front stop, which swings down into position in the T 
slot, where the torpedo guide stud will engage it. 

After you load the torpedo horne against the front stop, you 
insert the tension link and screw it into position—first in the 
hand wheel, and then in the front stop. And tlien you insert 
a cotter pin through the opening in the housing to engage 
the shank of the handwheel. The tension link now holds the 
front stop firmlv in place. As a final step, you return the 
back stop handle to its horizonta! position, and tighten the 
handwheel. The torpedo is now held securely against any 
back-and-forth movement greater than 0.03 inch. 

When 3^011 fire a torpedo, the torpedo guide stud pushes 
against the front stop and breaks the tension link. That 
leaves the front stop free to swing up out of the way. The 
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INSTRUCTION PLATE 



Figure 5-4.—Torpedo stop mechanism. 


cotter pin in the shank of the handwheel keeps the handwheel 
and the forward part of the broken tension link from dropping 
out of the stop housing. 

(The stop mechanism of PT boat tubes is entirely different. 
It consists of a vertical pin, a piston, a cylinder and a spring. 
The Mark 13 torpedoes fired from PT boats have no guide 
stud. The vertical pin of the stop mechanism engages a 
% inch hole in the top center of the torpedo midship section. 
A spring holds the stop in place in the torpedo. On firing, 
impulse air piped from the firing mechanism moves the piston 
in its cylinder, lifting the stop pin.) 

Training Gear 

You use the training gear (fig. 5-5) to train the torpedo 
tube about its vertical pivot on the stand. 

Normally, an electric motor and a hydraulic mechanism 
do the work of moving the tube mount. The handwheels at 
the top of the mechanism control the electro-hydraulic Sys¬ 
tem. If the power fails, you can train the mount manually, 
through a system of shafts and gears. 

Handwheels 

You can see the handwheels at the top of the vertical shaft 
in figure 5-5. Both handwheels are keyed to a single hori- 
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zontal shaft. This shaft, through bevel gears, drives the 
vertical shaft. And the vertical shaft engages a cross shaft 
through another set of bevel gears at its lower end. A spur 
gear on the cross shaft meshes with an actuating gear on the 
control spindle of the electric-hj T draulic mechanism. 

Hand Clamp 

You use the liand clamp, mounted on the handwheel trunk, 
when you want to clamp the mount in any position other than 
fore and aft. When you turn the clamp handwheel (just be- 
low the training handwheels in figure 5-5), the clamp grips a 
brake drum on the vertical shaft, and keeps it from tuming. 

Automatic Brake 

The automatic brake keeps the mount from whipping when 
you fire the wing barrels. It’s operated by impulse gas piped 
from the after end of the barrel to the brake cvlinder. Wlien 
you fire the barrel, impulse gas compresses the brake piston 
spring, and moves the piston rack. The rack turns a gear 
segment, which clamps the brake on the brake drum. When 
the torpedo leaves the tube, the pressure is vented off, and 
the brake is released. 

(The Vickers-type hydraulic drive does not use the gas- 
actuated system. It has a self-contained hydraulic device 
that acts as a brake.) 

Electric Motor 

A 3-horsepower electric motor (at bottom center in fig. 
5 -5) supplies the power to train the mount. It runs at a 
constant speed, and in one direction only. But you can 
train the mount in either direction, and at either fast or slow 
speed. The hydraulic variable speed gear inakes this 
possible. 

Hydraulic Unit 

Hydraulic training units differ in details, but tliey ali work 
on the same principle. The hydraulic system includes two 
separate mechanisms, called the A and the B end. Botli 
are mounted in the housing at the lower left in figure 5-5. 

The A end is a variable-displacement hydraulic pump, 
driven by the electric motor. The B end is a fixed-displace- 
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Figure 5-5.—Training gear. 
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ment hydraulic motor. The A end delivers oil to the B end 
at any required speed and pressure, and receives it back 
again. A tilting box or swivel yoke in the A end Controls 
the quantitv and direction of oil flow. And the speed at 
which you turn the training handwheels Controls the tilt of 
the box or yoke. The greater the tilt, the greater the 
volume of oil that goes to the B end, and the greater the 
speed of the hydraulic motor output shaft. 

The electric motor, and the A and B ends of the hydraulic 
system, are mounted on the bottom of the left-hand barrel. 
(Compare figs. 5-5 and 5-3.) 

Interlocking Mechanism 

The interlocking mechanism keeps the speed gear control 
shaft in its neutral position when you use the manuaUrive. 
And it prevents shifting from power to manual drive unless 
the speed gear and connecting linkage are in the neutral 
position. 

Gyro Setting 

You can train the tube through only a limited angle; 
you can’t always train it in the direction you want the tor¬ 
pedo to run. When you can’t, you have to set the gyro angle 
to make the torpedo curve after you fire it. 

You use the gyro-setting mechanism to set both the basic 
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Figure 5-6.—Torpedo tube Controls. 
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gyro angle and the spread angle. Basic gyro angle is the 
angle between the final course of the center torpedo and the 
axis of the tube train. Spread angle is the angular differ- 
ence between the final course of any two adjacent torpedoes 
fired from the same tube mount. To get a ciear picture of 
spread angle, hold out one hand and spread your fingers. 
Now picture the middle finger as the basic torpedo course. 
The angle between any two adjacent fingers is the spread 
angle. 

The gyro-setting mechanism includes a spindle-engaging 
lever (which engages the gyro spindle with the gyro socket 
in the torpedoes), handcranks, dials, shafting, and gears. 
Figure 5-6 shows the locat ion of most of these parts. 

Handcranks 

When the spindle-engaging lever is in its “in” position, 
you rotate the right handcrank to set the basic gyro angle on 
the torpedoes. Turning the left handcrank will set the 
spread angle simultaneously in all but the center tube. 
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Dials 


There are three dials in the dial group. One indicates the 
spread angle and the other two (one coarse and one fine) 
sliow the basic gyro angle. Figure 5-7 sliows the three dials. 

The spread-setting dial is graduated in steps of 10 minutes, 
through a total angle of 10°. (As you can see in the figure, 
the graduations do not completelv encircle the dial.) The 
“coarse” basic dial is graduated in 5° steps. It reads from 0° 
to 90° on the right side of the index, and from 0° (360°) to 
270° on the left. The “fine” basic dial is graduated in steps 
of 10 minutes through a total angle of 10°. To set a given 
gyro angle, say 33°, you turn the right handcrank to bring 
the “coarse” dial reading to just past 30°, and the fine dial 
reading to exactly 3°. 

The dials are lighted by 3 electric bulbs. Power for the 
bulbs comes from either the battle lighting circuit or a 6-volt 
battery. (A transformer reduces the battle lighting voltage 
to 6 volts.) You can use the transfer switch, below the 
handcranks, to select the source of current. 

Vertical Shafts 

The basic-setting vertical shaft, whicli is driven by the 
basic-setting handcrank, is hollow. It transmits the hand¬ 
crank action, through bevel gears and horizontal shafting, 
to the gyro spindles. The spread-setting vertical shaft, 
driven by the spread-setting handcrank, is solid. It’s 
mounted inside the hollow basic-setting vertical shaft. The 
motion of the solid shaft is transferred to the gyro spindles 
through gears and horizontal shafts. Figure 5-8 sliows how 
the two hand cranks turn the vertical shafts. 

A locking device in the gyro-setting meehanism keeps you 
from turning either of the two handcranks when the gyro 
spindles are disengaged. 

Operatiori of Gyro-Setting Meehanism 

To operate the gyro-setting meehanism, you first move 
the spindle-engaging lever to its “in” position. That 
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Depth Setting 

The depth-setting mechanism (fig. 5-9) is mounted on the 
top of the barrels. It ’s mucli like the gyro-setting mechanism, 
but its eonstruction is a lot simpler. You can use it to set 
the same depth, at the same time, on ali torpedoes in the 
mount. 

The depth-setting mechanism consists of a socket-engaging 
lever, a handcrank, shafts, gears, spindles, and a dial. The 
socket-engaging lever engages and disengages the spindles 
with the depth-setting sockets in the torpedoes. You can 
tura the handcrank only when the spindles are engaged. 
The rotation of the handcrank is transferred, through the 
gears and shafts, to the spindles. 

The dial, on the top of the gear housing, is graduated in 
feet from 0 to 50. It’s lighted in the same way as the gyro- 
setting dials. Power comes from the same 6-volt battery, or 
from the same transformer in the battle lighting circuit. 
The same transfer switch Controls the lighting circuit of 
both the gyro-setting and depth-setting dials. 

Speed Setting 

Each barrel has a separate speed-setting mechanism. On 
each barrel, a T-handled wrench extends upward from a 
eylindrical housing. Inside the housing is a spring that keeps 
the wrench disengaged except when you hold it down by 
hand. A cani in the housing allows the wrench to rise only 
when it’s in one of three positions—high, intermediate, or 
low speed. 

To operate the mechanism, push the T-handle down and 
tura the index pointer to the desired speed (fig. 5-3). Then 
release the handle and let it retura to the up position. Here 
are two important rules to remember: 

1. Before you load a torpedo into the tube, make sure 
that the speed setting on both the tube mechanism and the 
torpedo are on intermediate speed. 

2. Never leave the T-handle in its down position. 
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Firing Mechanism 

Each barrel of the tube rnount has a firing mechanism, 
which fires the impulse charge either eleetrieally or by 
pereussion. The prineipal parts of the mechanism are the 
impulse charge, firing chamber, door, and firing hammer. 

Impulse Charge 

The impulse charge is a brass cartridge, 3.03 inches in 
diameter and 12.70 inches long. A percussion-electric primer 
is screwed into the base of the cartridge. Inside the case 
is a specified weight of sodium nitrate black powder, held 
in place by wads. As we told }^ou in Volume 1, sodium nitrate 
black powder is a very dangerous explosi ve. Handle the 
impulse cartridges very carefully. And keep them dry at 
ali times. 

Firing Chamber 

The firing chamber is bolted to the T guide, near the 
breech end of the barrel. (You can see ali fi ve firing chambers 
elearly in figure 5-3.) Hinged to the firing chamber, at its 
after end, is a door. The firing pin, in an electric insulating 
bushing, is mounted in the center of the door. On the outer 
end of the firing pin is a terminal to which the electric firing 
cable is connected. (Fig. 5-10.) 

Flash Eliminator 

The flash eliminator consists of a hemispherical steel 
screen and two perforated steel plates, separated by a spacing 
ring. It’s mounted between the barrel and the firing cham¬ 
ber. The impulse gases pass from the firing chamber, 
through the holes in the flash eliminator, to the inside of the 
barrel. The holes in the eliminator retard the gases long 
enough for them to burn out by the time the torpedo leaves 
the barrel. 

Firing Hammer 

Behind the firing pin is the firing hammer, which is pinned 
to the hammer rod. On the hammer rod is the firing spring. 
At its forward end, mounted on a pivot, is a spring-loaded 
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Figure 5-10.—Showing thc three positions of firing hammer on quintuple- 
tubc mount. (Top) Percussion safe. (Center) Ready to fire either elec- 
tricolly or by percussion. (Bottom) Fii-ed. t 
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sear. (Find all these parts in figure 5-10.) A control cable 
leads from the sear to the selector housing behind the 
trainer’s and gyro-setter’s seat. 

Mechanical Firing 

To cock the firing hammer, you pull it back until the 
spring-loaded sear slides in front of the hammer rod. By 
pulling the control cable, you pull the sear from in front of 
the hammer rod. The firing spring then throws the hammer 
rod forward, and the hammer strikes the firing pin. 

The firing hammer has three positions—fired, ready, and 
safe. In the fired position (lower picture in fig. 5-10), the 
hammer is resting against the firing pin. In the ready posi¬ 
tion (middle picture), the sear holds the hammer straight to 
the rear of the firing pin. In the safe position (upper 
picture), the hammer is turned 90° to the left. 

Electric Firing 

You can fire the tubos electrically in either of two ways: 

(1) by closing a key on the torpedo director on the bridge; or 

(2) by closing a portable contact maker that you can take in 
hand and move around the bridge. Both of these firing keys 
are connected, through the torpedo firing panel, to a recep- 
tacle on the tube mount. From this receptacle, five cables 
lead to the after end of the firing pins in the five firing 
mechanisms. You can sclect the tube to be fired by operat- 
ing the selector switches at the director station. 

Power for firing the torpedoes is taken from the ship’s 
electric system. A transformer reduces the voltage from 115 
to 20 volts. 

Tripping Latch Mechanism 

The tripping latch mechanism is bolted to the T guide, 
just back of the trainer’s and gyro-setter’s seat. (See fig. 
5-3.) The tripping latch projects downward into the barrel. 
It trips the torpedo’s starting lever as the torpedo begins to 
move forward in the barrel, thus starting the torpedo’s main 
engine and control mechanisms. 

The tripping latches of all the barrels are secured to a 
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connecting rod. Wlien you pull or push this rod to the left, 
it lifts all the tripping latches ciear of the barrels. A spring 
on each tripping latch mechanism returns the latches when 
you release the rod. 

The tripping latch must be lifted whenever you load or 
unload torpedoes from the tube mount. 

Tube Sight and Torpedo Course Indicator 

WeTl describe these two meclianisms in chapter 7. 

FIXED ABOVE-WATER TUBE MOUNTS 

In this section well give you a short description of a fixed 
above-water tube mount. As we told you in the beginning 
of this chapter, there are several types of fixed above-water 
tubes in the fleet, or under development. This discussion 
applies to the Mk 23 Mod 2. Remember that this chapter is 
only an introduction to torpedo tubes. For detailed infor- 
mation, see the Ordnance Pamphlets. 

This tube was designed primarily for anti-submarine de- 
stroyers. It’s a single tube mount, installed athwartships. 
Youll use it mostly to fire the electrically-controlled Mk 35 
torpedo. (By installing baffle rings, you can adapt the tube 
to fire the smaller Mk 27-4 and 37-1 torpedoes.) 

Figure 5-11 is an overall view of the tube mount. Its 
Principal parts are the barrel, the breech door, the muzzle 
door, the firing mechanism, the stop mechanism, and the 
interlock mechanism. 

Barrel 

The barrel is an aluminum shell. Two external rings 
strengthen its ends: the muzzle ring at the outboard end, and 
the breech flange (fig. 5-12) at the inboard end. 

Inside the barrel are a series of rings and lands that add 
extra strength. And it’s these rings and lands, rather than 
the inner surface of the barrel, that support and guide the 
torpedo when you load it and fire it. As you can see in 
figure 5-12, there are five lands—one on each side, one at the 
bottom, and two at the top. The bottom land is wider than 
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any of the others, since it has to support most of the weiglit 
of the torpedo. The two top lands are close together, and 
the space between them forms a slot for the torpedo’s guide 
stud to ride in. 

Two aluminum supports secure the barrel to the deck. 
(You can see them in figure 5-11.) TheyVe designed to 
absorb the shock of firing. Since the steel deck and the 
aluminum barrel expand at different rates when they get 
hot, there will be a slight movement between the two each 
time the temperature changes. The two aluminum stands 
are especially designed to permit this movement. 

Breech Door 

The breech door is an aluminum bowl, reinforced by a steel 
ring riveted around its rim. Figure 5-13 shows the main 
parts of the breech door assembly. As you can see, it has a 
handle at the top, and it’s hinged to the barrel at the bottom. 
A spring at the hinge counterbalances the door, to make it 
easy to move in either direction. (Normally, you'11 adjust 
the spring so that the door will stay open under its own 
weight.) The door swings down about 100 degrees from its 
closed position. 

On the barrel, a bronze locking ring is threaded onto the 
breech flange. (Find the -ring in figure 5-13.) When you 
close the breech door and turn the locking ring, the lugs on 
the ring slide over the lugs on the rim of the door. The door is 
then sealed, and supported against the force of the impulse air. 

A gear sector and pinion, mounted on the lower right 
quadrant of the breech flange, turn the operating ring. 
(Figure 5-11 shows where the sector and pinion are.) The 
pinion has a socket, into which you can fit a ratchet wrench 
to turn it. You can see the pinion and its socket in figure 
5-13. 

Muzzle Door 

The muzzle door fits over the outboard end of the barrel. 
When it’s closed, it keeps spray and dirt out of the barrel. 
The muzzle door is hinged at the top, and opens upward. 
The top of the door is splined to a shaft that turns in a hous- 
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ing on the top of the muzzle ring. You can open or close the 
muzzle door by turning a crank at the breech end of the tube. 
Figure 5-14 shows the breech end of the muzzle door oper- 
ating mechanism. 

The crank is connected, by a long shaft, to a worm drive 
at the muzzle end of the barrel. When you turn the crank, 
the worm drive turns the shaft to which the muzzle door is 
splined. The indicator (fig. 5-14) telis you whether the door 
is open or closed. 
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To turn the muzzle door, you turn the operating crank 
counter-clockwise. The door swings 90° from its closed 
position; when it’s fully open, it’s parallel to the axis of the 
barrel. 



A cam shaft, mounted on the bottom of the muzzle ring, 
engages a cam on the bottom of the muzzle door to latch the 
door shut. You control the cam shaft, through a long push 
rod, from the breech end of the tube. You can see the shaft 
in figure 5-11. Its T-shaped handle is just below and to the 
right of the muzzle door operating crank. 

An electric heater in the muzzle door keeps it from freezing 
up in cold weather. 
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Firing Mechanism 

You can fire the torpedo either electrically or by hand. 
At tlie instant of firing, tlie firing mechanism does two things. 
It lifts the stop bolts, so the torpedo will be free to move 
forward. And it admits a cliarge of compressed air into the 
breech end of the tube, to eject the torpedo. 

Figure 5-15 is a schematic diagram that shows how the 
firing mechanism works. We’ve numbered the principal 
parts of the mechanism. As \ve explain how the mechanism 
works, check back frequently to this figure, to make sure 
you know \vhat’s going on. 



The air flask (1) is mounted on brackets on the left side of 
of the barrel. It's connected to the ship’s high-pressure air 
line through a hand-operated stop valve. You open the 
stop valve to charge the flask up to firing pressure. The 
flask holds enough air to fire one torpedo. If necessary you 
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can bleed off the pressure, and at the same time drain off 
any condensed moisture in the flask, by opening the bleeder 
valve (2). 

The air flask is directly connected through a pipe (3) to an 
opening in the breech end of the barrel (4). The firing valve 
(5) seals this opening until the instant of firing. 

The stop cylinder (6) is mounted on the top of the barrel. 
It operates by air pressure (200 psi) supplied by the accumu¬ 
lator (7). You charge the accumulator from the main air 
flask, through a reducing valve (8). When the tube is in 
ready condition, the stop cylinder valve piston (9) closes the 
line from the accumulator to the stop cylinder. 

Let’s take a closer look at that stop cylinder valve piston 
(9) to see what’s going on there. As you can see, air pressure 
(from the accumulator) is pressing upward against the shoul- 
der at the bottom of the piston, tending to open the valve. 
The spring is pressing downward, tending to keep the valve 
shut. When you charge the accumulator, its pressure builds 
up gradually. While that’s happening, air slowly leaks 
through an opening in the valve piston, and filis the chamber 
above it. It's sealed there by a small pilot valve (10). The 
spring tends to keep the pilot valve shut. 

To sum it up: when the tube is in ready condition, three 
forces are acting on the stop cylinder valve piston. Accumu¬ 
lator air is pushing up on the shoulder at the bottom of the 
piston. Accumulator air is pushing down on the upper sur- 
face of the piston. The spring is pushing down. The net 
resuit is a downward force, and the valve stays shut. 

Now let’s go back to the firing valve (5). While you were 
charging the air flask, air leaked through a port in the firing 
valve, into a chamber above it. It’s sealed there by the pilot 
valve (11) in the left end of the stop cylinder. Both air 
pressure and spring pressure tend to keep this valve shut. 

So when the tube is in ready condition, three forces are 
acting on the firing valve. Impulse air is pushing up on the 
shoulder at the bottom of the valve; it’s pushing down on the 
upper surface of the valve. The spring is pushing down. 
The net resuit is a downward force, and the valve stays shut. 
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Now let’s see what happens when you fire the tube. To 
fire the tube by hand, you push the firing handle (12) toward 
the muzzle. To fire it electrically, you close a circuit that 
energizes the solenoid (13). Both methods of firing do the 
same thing: they open the pilot valve (10). As soon as the 
pilot valve opens, it vents the air above the stop cylinder 
valve piston (9). Now the upward pressure on the bottom 
of the piston overcomes the downward pressure of the spring. 
The valve opens, and admits air from the accumulator to the 
stop cylinder. 

When air enters the stop cylinder, it pushes the stop piston 
(14) toward the breech. The stop piston draws the stop 
shaft (15) toward the breech. And that does two things. 
First, it withdraws the stop bolts from the tube. (WVll go 
into that later.) Second, it strikes the pilot valve stem, and 
opens the pilot valve (11). 

When the pilot valve opens, it vents the air from the cham- 
ber above the firing valve. The upward pressure of the 
impulse air against the shoulder at the bottom of the valve 
overcomes the pressure of the spring. The valve begins to 
open. Impulse air then reaches the whole bottom surface 
of the valve, and it opens completely. Impulse air enters 
the barrel, and ejects the torpedo. 

Now look at the cable (16) that goes from the torpedo to 
a connection on the inner surface of the breech door. It 
enters the torpedo through a waterproof bushing in the 
afterbody. In the Mk 35 torpedo, you make the gyro and 
depth settings electrically, through this cable. Another 
cable (17) carries the circuits from a connection on the 
outside of the breech door to the cutoff switch (18). 

Notice that when you fire the torpedo, the air from the 
chamber above the firing valve is vented to the cylinder (19) 
below the cutoff switch. The pressure forces the piston in 
this cylinder down. And the piston rod operates the cutoff 
switch. The cutoff switch does two things. It opens the 
control circuits of the gyro and depth mechanisms. And 
it closes the circuit that starts the electric motor in the 
torpedp. 
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As the torpedo moves forward inside the tube, the control 
eable (16) is held securely by a clamp (20) on the inner 
surface of the breech door. The tension on the cable turns 
a semicircular knife (21) on a pivot near the cable bushing. 
The knife neatly severs the cable. 

Stop Mechanism 

The stop mechanism holds the torpedo in place in the 
tube until 3 ~ou fire it. It’s mounted on the top of the barrel 
near the muzzle end. Figure 5-16 is a schematic diagram 
of the stop mechanism in its normal position. The two 
stop bolts extend downward into the guide slot, one at 
each end of the torpedo guide stud. (So you can load a 
torpedo into the tube, there’s a provision for raising the 
rear stop bolt by hand.) 

Figure 5-17 shows what happens when you fire the torpedo. 
The stop shaft, you remember, is connected to the piston 
in the stop cylinder. At the instant of firing, the piston 



Figure 5-16.—Stop mechanism in normal position. 



Figure 5-17.—Stop mechanism in firing position. 
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draws tlie stop shaft toward the breech. (Tliat’s toward 
the left in figs. 5-16 and 5-17.) 

As the stop shaft moves toward the breech, its two cams 
lift the stop bolts out of the guide slot, freeing the guide 
stud of the torpedo. (Compare figs. 5-16 and 5-17.) 
After the torpedo leaves the tube, a spring returns the stop 
shaft to its normal position, lowering the stop bolts into 
the guide slot. 

Interlock Mechanism 

The interlock mechanism is a safety factor. It’s intended 
to keep you from operating the tube unsafely. For example, 
it would be very dangerous to try to fire a torpedo with the 
breech door open, or with the muzzle door closed. The 
interlock system makes it impossible to fire the tube unless— 

1. The breech door is closed and locked. 

2. The muzzle door is fully open. 

You can see the locking handle of the interlock mechanism 
in figure 5-14: (It isn’t labeled, but you can see it sticking 
up at the top of the picture, just to the right of the words 
“breech end shaft”.) 

The locking handle has two positions: firing, and safe. 
When you throw the handle to the safe position, a shutter 
bar enters the stop cylinder of the firing mechanism. The 
shutter bar makes it impossible to fire the tube, since it 
keeps the stop shaft from moving back to open the pilot 
valve. 

When you throw the handle to the firing position, it 
withdraws the shutter bar. But you can’t throw the handle 
to the firing position unless the tube is ready to fire. There 
are two reasons. 

1. On the muzzle door shaft is a screw and traveling nut. 
When the muzzle door is closed, the nut blocks the movernent 
of the shutter bar, and keeps it in the stop cylinder. 

2. A cam on the breech door locking ring prevents any 
movement of the locking handle unless the breech door is 
closed and locked. 
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Electric Circuits 


We won’t describe the electric circuits in detail, but we’11 
teli you briefly what they do. 

The firing Circuit makes it possible to fire the tube 
electrieally, by energizing the solenoid in the firing mech- 
anism. You can fire the tube remotely from the torpedo 
control station, or locally from a station in the torpedo 
workroom. 

The lighting interlock Circuit Controls the space light- 
ing to keep you from projecting a beam of light through the 
tube. If you open the breech door and the muzzle door at 
the same time, the workroom lights go out. 

The indicator circuits show the personnel at the torpedo 
control stations when the tube is ready to fire, and when 
the tube is ciear. 

The heater Circuit keeps the muzzle door from icing up 
in cold weather. It makes it possible to operate the tube 
at temperatures as low as 40° F below zero. . A thermostat 
Controls the temperature range. When the temperature 
drops to the lower limit of the set range, the thermostat 
turns the heater on. When the heater brings the temperature 
to the upper limit of the range, the thermostat turns the 
heater off. 

The torpedo control circuits provide a means for setting 
torpedo gyro angle and depth electrieally, from the torpedo 
control station. 

Operation 

Here are directions for operating the Mk 23 Mod 2f tube 
mount. We’ll assume that the tube is loaded, and that the 
torpedo is ready to fire; and we’11 assume that both doors are 
closed and locked. Foliow these steps: 

1. Unlock the muzzle door. Turn the muzzle door locking 
handle clockwise as far as it will go. Then push it toward the 
muzzle as far as it will go. 

2. Open the muzzle door. Tum the muzzle door handle 
counter-clockwise as far as it will go (about 6 full tums.) 
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3. Check the air flask pressure. If it isn’t within 25 psi 
of the pressure specitied for the type of torpedo you’re going 
to fire, correct it. (Caution: always open the breech 
door before you open the charging valve. When you reach 
the specified pressure, close the charging valve; then close 
the breech door and lock it.) 

4. Shijt the locking handle to the firing position . Be sure 
the locking handle latch snaps into its groove. The tube 
is now ready to fire. 

5. Fire. For remote firing, the firing key in the control 
room will be closed for at least 4 seconds, to energize the 
firing solenoid. If you’re ordered to fire by hand, push the 
firing handle toward the muzzle, as far as it will go. Hold 
it there for at least 4 seconds. 

TORPEDO FIRING FROM ABOVE-WATER TRAINABLE 

TUBES 

When you’re getting a torpedo tube ready to fire, there 
are five general conditions you have to meet: 

1. All of the tube mechanisms must be in working order. 

2. The torpedo and tube mechanisms must be treated 
with the proper lubricants and preservatives. 

3. The torpedo must be completely ready to fire. 

4. The torpedo must be loaded into the tube without 
damage to the tube. The spindles of the gyro and 
depth devices must engage the sockets in the tor¬ 
pedo. 

5. The tube firing mechanism must be in a ready con¬ 
di tion. 

Preparing to Fire 

Now we’re going to run through a short summary of some 
of the steps you have to take to meet those conditions. But 
don’t try to use this summary as a check-off list. Remember 
that different marks of torpedo tubes differ considerably in 
details. For specific instructions read the OP that applies 
to the tube you’re working with. 
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Align the tube by bore-sighting or tramming. 

Check the sight. 

Check the training arc and pointer alignment, and the 
reading on the torpedo course indicator. 

Train the tube through its full arc of train. 

Check to see that the tripping latch, the stop mechanism, 
and the gyro- and depth-setting mechanisms are in proper 
working condition. See that their parts project into the 
tube the proper distance. 

Make sure the spoon extensions are down, and bolted in 
place. Inspect the inside of the barrels for cleanliness. 
See that the T-guide slots of the barrel, the spoon and the 
spoon extension are in alignment. 

See that the breech doors operate freely, and that their 
contact faces are clean. Make sure the doors will close 
completely. 

See that all access covers and plugs are in place. 

Inspect and test the firing and lighting circuits (with no 
impulse charge in the chamber). 

Make sure that the torpedo stops are in the correct posi- 
tion, the spindles disengaged, and the tripping latch up. 
See that the gyro and depth readings on the tube mechanism 
are the same as those on the torpedo. Then load the torpedo 
into the barrel. Remove the safety wedge and propeller 
lock at the last practical moment. 

Load the impulse charge. (But wait, if possible, until 
action is imminent.) Remove the impulse charge as soon 
as imminent action has passed. Carry the firing hammers 
in their safe position up to the last practicable moment. 

Engage the gyro and depth setting spindles. Set when 
and as ordered. Withdraw the spindles before firing. 

Fire when ordered. 

After-Firing Procedure 

After you have fired a torpedo, keep the breech door closed 
for at least 30 seconds, but for not longer than 5 minutes. 
Then clean the tube as soon as possible. 

Remove the cartridge case, clean it, and coat it with oil. 
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Clean the inside of the barrel with an approved solvent, 
or with hot fresh water and washing soda. Dry it, and give 
it a coat of grease. 

The powder residue, especially when it’s damp, is cor¬ 
rosive to met ais. And it can seriously irritate your skin. 
Clean it up promptly. If you get it on your clothes, wash 
them at once with soap and water. Rags fouled with 
powder residue should be washed immediately, or discarded. 

Examine the tripping latch and stop mechanism, to make 
sure they’re stili in working order. 

Remove, clean, and grease the firing chamber and flash 
eliminator. 

Remove, clean, and grease the gyro and depth spindles. 

Remove, clean, and grease the rollers. Note the roller 
pin setting as you remove them; after cleaning, put them 
back on the same setting. 

Inspect, clean, and grease the T-guide slot, and remove 
any burrs or obstructions you find in it. 

Replace the broken tension link with a new one. 

Check the operation of each mechanism as you replace it. 

Disengage ali spindles. 

FIRING DRILLS—GENERAL QUARTERS 

The crew is called to general quarters by sounding the 
general alarm, and by passing the word “man your battle 
stations” over the intercom S 3 stem. As soon as the torpedo- 
men man their stations, they start to ready the battery for 
action. 

The first step is to remove all canvas covers. On the 
director, the power, lighting, and firing circuits are turned on. 
The selector switch is set for the director thaVs going to be 
used. 

On the tubes, the motor is started, the life lines are taken 
down, and the tripping latches are checked in the down posi- 
tion. The firing hammers are cocked and placed in the safe 
position. The impulse charges and primers are loaded when 
ordered. 
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Duties of Torpedo Control Officer 

The torpedo control officer is responsible to the command- 
ing officer for the efficient operation of the torpedo battery 
and the torpedo control S 3 r stem. When the commanding 
officer designates a target, the torpedo control officer will do 
all of these things: 

He will order “Torpedo action port (starboard).” He will 
point out the target to the director trainer and tube per¬ 
sonnel, and give its approximate bearing. 

He will order the type of fire to be used (bridge control 
or local control). 

He will order the depth setting in feet. 

He will teli the director trainer and the tube personnel how 
many torpedoes will be in the spread, and what unit of spread 
and what torpedo speed will be used. 

He will teli the director trainer the targefs course and 
speed. 

He will teli the tube personnel the target angle and target 
speed. 

He will check the tube train and gyro angle, to ensure 
firing on a safe bearing. (To do this, of course he must know 
the correct gyro angle.) 

He makes sure the target is within effective range. 

He reports “On target” to the commanding officer. When 
directed b} r the commanding officer, he orders “Stand by.” 
And when the ready lights are on, he gives the orders “Fire 
one,” “Fire two,” etc. 

Duties of Director Operator 

The torpedo director operator is usually a Torpedoman’s 
Mate first class, although a second class may sometimes fili 
this billet. 

The primary duty of the operator is to train the director, 
keeping the telescopic sight on the designated target, or on 
the successive points of aim. When control data is received 
from CIC (Combat Information Center), the torpedo control 
officer and the director talker will set it into the director. 
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The director operator must keep the dial pointers on the 
torpedo director matched. 

When CIC does not provide ali the necessary information, 
the director operator may help the torpedo officer in making 
visual estimates of target speed, target angle, and target 
course. He then sets these values into the director by hand. 

The director operator may fire the torpedoes electrically 
vvith the firing key on the left side of the telescope. He passes 
all information he receives to the tube personnel, so they will 
he fully informed if they liave to fiie in local control. 

Torpedo Control Talker 

Any member of the torpedo gang may be assigned as a 
talker on the bridge. But it y s usually a striker or a TM3 
who filis this billet. His primary duty is to relay messages 
from the torpedo control officer to the tube mount. 

The torpedo-director talker must have an advanced 
knowledge of telephone talker’s technique and phraseology. 
He must be especially familiar with the Standard orders and 
terms used in torpedo and depth-charge batteries. 

The talker must also know the several types of torpedo 
attacks, and the number and sequence of the torpedo-firing 
selector switches used in eacli type of fire. And he must be 
skilled in closing the proper torpedo-firing selector switches 
while transmitting the proper firing orders to the torpedo 
tube mounts. 

Tube Mount Captain 

The tube mount captain is usually a first or second class 
Torpedoman^ Mate. His main duties are to prepare the 
torpedo tubes for firing, and to supervise the tube trainer 
and gyro setter. 

At general quarters, the tube mount captain takes his 
station near the tube mount, unless otherwise ordered. 

The mount captain must see tliat the tripping latches are 
down in the firing position, and that the stops of the stop 
mechanism are secure. He cocks the firing machanism of 
each barrel of the tube mount, and loads the impulse charges 
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and primers. And he helps in making torpedo-speed changes. 

If necessary, the mount captain must estimate target 
speed, target angle, target range, and other factors used in 
local-control firing. (Normally, CIC will furnish this 
information. But Communications may fail, and the mount 
captain may have to fire in local control without this help.) 
At all times, he keeps the torpedo control officer notified of 
conditions at the tube. 


Tube Trainer 

The tube trainer helps the mount captain to ready the 
mount for firing. And, of course, he trains the tube mount. 
He must keep the torpedo course pointers matched. He 
watches for the danger bearing; when the tube is on a danger 
bearing, he instantly reports this to the torpedo control 
officer. The trainer relays messages to the gyro setter and 
the mount captain as directed by the torpedo control officer 
over the phone. 

The tube trainer must have an advanced knowledge of 
procedure for tracking a target in local control, using the 
open-type sight. He helps the mount captain in setting up a 
local control problem. 

During the actual firing, the trainer gets close supervision 
from the mount captain. He reeeives verbal orders, through 
the battle phone circuit, from the torpedo-control officer on 
the bridge. 

On completion of firing, the tube trainer reports the 
expenditures and casualties, if any, to the firing officer. 
When ordered, he reports the base torpedo course, gyro 
angle, and tube-train readings, as shown on the dials of the 
tube mount. 

Duties of Gyro Setter 

The gyro setter helps the tube trainer and the mount 
captain to ready the mount for firing. He helps to make 
changes in torpedo speed. He cranks in depth, spread 
angle, and gyro angle. He watches the tube-train indicating 
dial, and warns the tube trainer when he is about to train 
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into a danger bearing. At the order “stand by,” he dis- 
engages the gyro and depth spindles, and reports “spindles 
out” to the tube captain. 

When ordered, the gyro setter turns on the ready lights if 
ali the pointers are matched. He parallels the electric 
firing with percussion firing; he pulls the percussion-firing 
lanyards as eaeh tube is reported fired from the bridge. 

TUBE MAINTENANCE 

By tube maintenance we mean ali the steps 3 r ou , ll take to 
keep the tubes in top condition. Proper maintenance not 
only helps to prevent damage—it shows up small troubles 
before they can develop into big ones. You won’t be ex- 
pected to make major tube repairs aboard your ship. But 
tube maintenance is your job, and it’s a very important job. 

The most important parts of your maintenance job are 
keeping the tubes clean, and keeping them lubricated. 

Keeping them clean means keeping the working parts free 
of ali foreign matter—like particles of grit, metal, lint, and 
abrasives. And it means removing corrosion and rust if 
they form. 

As to lubrication, this rule sums it up: use the right 

LUBRICANT, IN THE RIGHT PLACE, AT THE RIGHT TIME. 

You will be given lubrication charts that teli you what kind 
of lubricant to use on eaeh part of the tube. Consuit the 
charts often. Follow the directions exactly, and use only 
the lubricants specified by the charts. 

Before you start to lubricate a tube, be sure to remove 
ali dirt and grit from the oil holes and the oil and grease 
fittings. Exercise the moving parts while you lubricate them 
so the lubricant can reach ali parts of the mechanism. And 
exercise them again when you 're through, to be sure they 
won’t jam up because of excess grease. 

You’11 have to take special precautions during cold weather 
operations. Some lubricants stiffen up when they get cold, 
and you’11 have to replace them with substitutes. The charts 
teli you what lubricants to use in cold weather, and which 
parts of the tube to use them on. 

153 

325901 0 —55-11 



Upkeep Routines 

If you follow the upkeep routines faithfully, 3^011 can be 
sure the tubes will alwa> T s be ready for use on short notice. 
Here are the routines outlined in the Bureau of Ordnance 
Manual. (You don’t have to memorize them; your ship 
will have routine checkoff lists.) If you follow the check-off 
lists exactly, without trying shortcuts, you ’11 save time 
in the long run. 

DAILY 

Inspect the tubes, and clean them if necessary. Be sure 
the parts that may corrode easily are oiled, or protected in 
some other way. In tubes with tension-link stop mecha- 
nisms, if there’s a torpedo in the barrel make certain the stop 
handwheel is screwed up hand-tight. 

WEEKLY 

Training Gear 

Use your grease gun on all nipples. Train the tubes 
through tlieir extreme limit of train. 

Clean and lubricate all exposed gearing. 

Lubricate all bearings. 

Remove the drain plugs from the main housing of the 
electric training gear motor. If water or oil drains out, 
find the reason and correct it. 

Firing Mechanism 
Lubricate all bearings. 

Open and close the cartridge chamber door; clean out the 
cartridge chamber. 

With the cartridge chamber empty, cock and trip the 
hammer. 

Inspect the batteries; test tlieir voltage and specific 
gravity. Add distilled water if the 3 ^ need it. 

Tripping Latches 
Oil the bearings. 

Raise and lower the latcli. See that it operates freefy, 
and that its spring is strong. 
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See that the latch drops the proper distance when it’s 
down. See that it isn’t scored or bent or burred. 
Make sure it doesn’t bind in the housing. 

Torpedo Tube Stop 

Use grease gun on all nipples. 

Oil the other bearings. 

Test the mechanism to make it sure it works freely. 

See that the stop isn’t burred or scored. Make sure it 
clears the guide slot of the tube when its raised, and 
that its after face is squarely across the guide slot when 
it’s lowered. In its lowered position the stop should 
not touch the torpedo air flask; be sure there’s a slight 
clearance between them. 

Gyro- and Depth-Setting Mechanisms 

If there’s a torpedo in the barrel, disengage and engage 
both spindles, making sure that each spindle enters the 
torpedo. 

Exercise each mechanism through its full range of travel. 

(Be sure to return the gyro and spread angles to 0, and the 
depth to the setting ordered.) 

Use grease gun on all nipples. 

Oil all the exposed working surfaces. 

Breech Doors 

Open and close the doors fully. 

Use grease gun on all nipples. 

Oil the exposed working surfaces. 

If there^ rust on the door hinge pins or the door handle 
latch, remove it and apply oil. 

Oil the door springs with heavy oil. 

Barrel 4 

Inspect the visible part of the interior for rust. Clean and 
oil. 

Inspect, clean, and oil the guide slot of the barrel. Clean 
and oil the guide slot and bolting faces of the spoon and 
spoon extension. 

Oil spoon hinge pin. 
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Drain the roller pockets, and use your grease gun on the 
roller pin grease nipples. 

SlGHT 

Inspect the sight for corrosion. Clean it, and wipe it with 
an oiled rag. 

Exercise and oil all the moving parts. 

Gages, etc. 

Inspect the air gages. 

Operate the valves under the torpedo tubes. 

Wipe the threads of the charging connection with an oiled 
rag. See that the threads are free from corrosion, and 
protected from injury. 

MONTHLY 

Observo the weekly routines, and the following in addition. 

Training Gear 

Lubricate all covered gearing (except in the oil-filled sec- 
tion of the electric-hydraulic drive.) 

Remove the training circle covers; inspect the training 
circle, and the rack and rollers (if you can see them). 

See that the metal surface in wake of the holding-down 
clamps is clean. 

Check the oil level in the electric-hydraulic drive, and 
make up if necessary. If there’s any water or sediment 
in the sump, drain it off. 

Remove the inspection plug or covers from the grease 
chambers of the electric training motor shaft (if fitted). 
Add lubricant if necessary. 

Barrel 

If there’s a torpedo in the barrel, withdraw it as far as the 
guide stud. Inspect the inside of the barrel for rust. 
Clean and slush with oil. 

See that the rollers turn freely. 

Turn the spoon extensions through their full range of 
movement. 
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Gyro and Depth Setting Mechanisms, and Torpedo 
Course Indicator Attachmexts 

Lubricate all covered gearing thoroughly. 

Stop Mechanisms 

Inspect the tension link at its fracture point. Replace 
it if it’s badly rusted or deeply pitted. (In a stop 
mechanism of the shear-pin type, remeve the stop 
piate and inspect the pins; replace them if theyVe 
rusted.) 

Centering Pins 

Disassemble, clean, and lubricate. 

QUARTERLY 

Go through the monthly routine, and the following in 
addition: 

Training Gears 

Remove the worm housing cover; clean and lubricate the 
training worm and bearings. 

On triple, quadruple, and quintuple tubes, remove and 
replace the roller retaining ring segment by segment. 
As you do so, inspect the rollers and add fresh lubricant. 

Clean and lubricate the training stops (of the traveling 
nut type). 

Drain the oil froih the electric-hydraulic drive. Remove 
all covers, and inspect the working parts for rust. (If 
they*re rusty, the unit will ha ve to ha ve a general over- 
haul.) If there’s no rust in the drive, you can strain 
the oil through a 200-mesh screen and pour it back into 
the drive. 

Check the lock washers on the stand holding-down bolts, 
if fitted. If not, pull up on each holding-down bolt. 

Firing Mechanism 

Disassemble the mechanism and clean and oil it. After 
you reassemble, test the mechanism to see that it 
operates freely. On firing mechanisms that ha ve gears 
actuated by control cables, remove the cables from 
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their casings. Clean them in kerosene, dry, relubri- 
cate, and reassemble. 

From the torpedo control station, test the firing mecha- 
nism with a primer. 

Test ali illumination. 

Tripping Latch 

Disassemble the mechanism, and clean and oil it. 

See that the spring is coated with oil 

Check the operation of the mechanism (as in the weekly 
routine). 

Torpedo Stop 

Foliow the same routine as for the tripping latch. 

Gyro and Depth Setting Mechanisms 

Remove all shaft covers. Clean and lubricate ali universal 
and Oldham couplings. 

Breech Doors 

Disassemble, clean, and oil the entire mechanism. 

Inspect the door gaskets. Replace them if theyVe dry, 
checked, or badly abraded. 

Adjust the counterbalance springs so that the door tends 
to stay open. 

Barrel 

Remove the torpedoes. Carefully go through the monthly 
routine. 

Inspect the interior for rust and indentations. 
ANNUALLY 

Keep the inner surface of the spoon bright—not painted. 
The inner surface of the spoon extension should be painted— 
all except the guide slot, which should be kept clean and oiled. 
Keep the bolting face between the spoon and spoon extension 
clean, and thinly coated with oil. Do not paint the access 
piat es; keep the lettering on them clearly legible. Keep 
the clamp threads clean and oiled. Remove the name plates 
(except those welded or riveted in place). Clean the metal 
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underneath; give it a coat of red lead, then a coat of paint. 
When the paint is dry, rcplacc the name plates. 

EVERY 18 MONTHS 

Lift the saddle for inspection. Clean and lubricate the 
roller patiis, rollers, and pivots. 

Lift the barrels for inspection and prescrvation of the 
under sides. 

Disassemble, clean, and oil the gyro and depth setting 
meclianisms. Check their operation for smoothness. 
Reassemble, observing ali assembly marks. Reset the 
dials if necessary. Wliere the tube units are located 
by shims, be sure to put them back in their original 
positions. 

MAINTENANCE OF THE HYDRAULIC UNIT 

The hydraulic unit holds from 20 to 22 gallons of hydraulic 
oil, depending on the mark and mod of the mount. If 
for any reason you have to drain, flush, and refill the unit, 
refer to the OP that describes the tube mount you r re working 
on. We’ll give you a short summary of the process, but 
don’t try to use this summary for a check-off list. 

Drain ing and Flushing 

To drain the supply tank, remove the drain plug from the 
housing. To drain the hand-wliecl trunk section, open the 
petcock at the bottom of the sludge pot. To flush the unit, 
fili it with a low viscosity oil; run the training gear smoothly 
in low gear for about 10 minutes; then drain the oil. 

Filling 

Before your fili the unit, strain the hydraulic oil through 
a 200-mesh screen. Do this even if the oil is fresh from its 
original Container. 

Fili the supply tank through onc of the cover plates in its 
top. Remove the pipe plug from the filling hole in the top 
cover of the handwheel mounting bracket. Then, while 
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you’re venting air through the top of the supply tank, pour 
oil through the handwheel bracket. Keep pouring until 
oil runs out of the upper petcoek on the bracket. Replace 
the venting and filling plugs, and close the upper petcock. 

To make sure there are no air pockets in the units, run 
the electric motor for a few moments, and then check the 
oil level again. Release the trapped air by removing the 
plug from the top inspection cover of the supply tank. 
Replace the plug when oil begins to overflow from the hole. 
Add more oil through the handwheel bracket, until oil 
rises to the level of the upper petcock. 

To get rid of all the air-in the hydraulic system, you may 
have to repeat these steps several times. 

REPAIRS 

As we told you, you won’t be expected to make major 
repairs to the torpedo tubes aboard your ship. Complete 
overhauls or extensive repairs are jobs for a shore station or 
tender. But you may sometimes have to replace a broken 
part, or make some other minor repair. Here are some rules 
that you should find helpful. 

Always keep a full allowance of tools and spare parts 
aboard. Use the right tool in the right way, and use the 
correct spare part. Work carefully and gently. If you 
you can’t assemble or disassemble a part easily, find out why. 
Never use unnecessary force on any part. 

Before you start any repair job that involves removal o r 
disassembly of a part, study the blueprints and note the 
reference marks. Read the appropriate chapters in the 
OP that describes the gear you’re working on. Be certain 
that you reassemble all parts in accordance with the drawing. 

A careful study of all the OP’s, OD’s and drawings related 
to the equipment you’re going to work on will make your 
repair job a lot easier. They’11 teli you how each part 
works, the number of pieces that make up the part, the 
clearances between the pieces, the sizes and kinds of screws, 
etc. 
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These publications are under the custody of the Torpedo 
or Gunnery Officer. He will make them available to you 
when you need them. 

REFERENCES 

OP 764, 21-inch Torpedo Tubes Mk 14 and Mods, Mk 15 
and Mods (Quintuple Tubes). 

OP 1758, 21-inch Torpedo Tube Mk 24 Mod 0, Fixed 

QUIZ 

1. At the beginning of the chapter, we made a list of five things that 
torpedo tubes do. Name at least four of them. 

2. Compare the advantages of fixed and trainable above-water tube 
mounts. 

3. What is the function of the stand? 

4. What maintenance operations must you perform on the tube 
rollers after each firing? 

5. What is the function of the spoon and spoon extension? 

6. How can you train the mount if the power fails? 

7. What does the automatic brake do? What supplies the forcc to 
operate it? 

8. Which spindles must be withdrawn from the torpedo before you 
fire it? 

9. What two important rules apply to the speed-setting mechanism? 

10. What is the function of the muzzle door on an AW fixed tube? 

11. At the instant of firing, what two things does the firing mechanism 
of a fixed tube do? 

12. In your owri words, explain the operation of the firing mechanism 
on a fixed tube. 

13. On a fixed tube mount, what two conditions must be fulfilled before 
the interlock mechanism will permit firing? 

14. How do you set gyro angle and running depth on a torpedo in a 
fixed AW tube? 

15. What precaution must you observe before boosting the impulse 
air pressure of a fixed AW mount? 
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C H A P T E R 



SUBMERGED TUBES 

INTRODUCTION 

Figuro 6-1 shows a submergcd torpedo tube, looking from 
the inboard side. As you can see, it looks a lot like a fixed 
above-water tube. But, because it has to operate under 
water, the submerged tube is more complicated than the 
above-water type. 

Like the fixed above-water tube, the submerged tube has 
a door at each end. The breech door opens into the torpedo 
room of the submarine. The muzzle door opens to the sea. 
It’s ciear that if you ever opened both doors at once, the 
torpedo room itself would be open to the sea. You’d be in 
serious trouble. So the tube has an interlock mechanism 
to keep you from opening both doors at once. 

Mechanical Systems 

Tliree different mechanical systems controlling the opera- 
tion of the tube are— 

1. The systern for opening and closing the breech and 
muzzle doors. 

2. The systern for setting gyro angle, dcpth, and speed 
changes. 

3. The systern of valves that ffood and drain the tube and 
release the impulse charge of compressed air. 

All these systems are tied together by interlocking features. 
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Because of these safety devices, you can’t open the muzzle 
door unless the breech door is elosed and locked. You can’t 
open the breech door unless the muzzle door is elosed. And 
you can’t fire the torpedo unless the speed-, gyro-, and depth- 
setting spindles have been withdrawn. 

How the Tube Works 

The submerged torpedo tube works very much like an air 
lock or an escape hateh. The tube makes it possible to 
eject a torpedo into the sea without getting sea water into 
the boat. Let’s assume that the tube is empty and the 
muzzle door elosed. Here are the steps you follow to operate 
the tube: 

1 . Open the breech door. 

2 . Load the torpedo into the tube; close and lock the 
breech door. 

3. Flood the tube. You can flood either from the sea or 
from the WRT (Water Round Torpedo) tanks inside the 
submarine. You’11 usually flo 6 d from the tanks, so you 
won’t change the trim of the boat. 

4. Open the muzzle door. (Because of the interlock 
feature, you can’t do this unless the breech door is elosed 
and locked.) 

5. Fire the torpedo by releasing the impulse charge of 
compressed air. (The pressure of this air is higher than 
that of the sea water in front of the torpedo; it quickly 
ejects the torpedo from the tube. But you can’t let impulse 
air reach the muzzle door and escape. Why not? Because 
a bubble of air would rise to the surface, and show the 
enemy your sub’s position. Poppet valves vent off the air 
before it reaches the muzzle end of the tube, and return it 
to tanks inside the boat. Then, since the muzzle door is 
stili open, the tube quickly filis up with sea water.) 

6 . Close the muzzle door. (Both doors are now elosed, 
and the tube is full of water.) 

7. Open the drain valve. (YouTl use compressed air to 
force the water out of the tube, and speed up the draining. 
But you don’t force the water into the sea. Instead, 30 U 
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drain it into a tank. Remember that the boat has just 
lost the weight of a heavy torpedo. To keep its trim, it 
has to take in a nearly equal weight of sea water.) 

8. When the tube is completely drained, you can open 
the breech door and load another torpedo. 

Location and Designation of Tubes 

At present, most submarines have ten torpedo tubes. In 
the forward torpedo room is the bow nest (six tubes, in two 
vertical rows of three each). In the after torpedo room is 
the stem nest (four tubes, in two vertical rows of two each). 

When you speak of submerged tubes, use the terms left 
and right —not port and starboard. For example, the 
left-hand tubes in the forward torpedo room are on the port 
side of the boat. But the left-hand tubes in the after torpedo 





Figure 6-2.—Submarine stern nest. 
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room are on the starboard side. Even-numbered tubes are 
on the port side and odd numbers on the starboard. Thus, 
in the bow nest, the left-hand tubes are Nos. 2, 4, and 6; the 
right-hand tubes are Nos. 1, 3, and 5. In the stern nest, the 
left-hand tubes are Nos. 7 and 9; the right-hand tubes are 
8 and 10. 

In both nests, the breech doors open by swinging away 
from the centerline of the boat. The muzzle doors open by 
swinging toward the centerline. Most of the Controls are 
on the inboard sides of the tubes, where they’re easy to get 
at. Of course the left-hand and right-hand tubes are not 
exactly alike, even though they’re the same mark and mod. 
One is a mirror image of the other—just like your two feet. 
So most of the parts are not interchangeable between left- 
hand and right-hand tubes. 

Figure 6-2 shows how the tubes are arranged in the stern 
nest. 



Fisure 6-3.—interior of the barrel. 
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Torpedo Tube Barrel 

The barrel is made up of three sections—the breech, 
middle, and muzzle—riveted together. The inside diameter 
of the tube varies from 21.125 to 21.145 inches. In some 
tubes the whole inside surface of the barrel is machined 
smooth. But in most tubes only the four upraised lands are 
machined, leaving the rest of the barrel recessed. Figure 6-3 
is a view down the inside of the barrel, showing the position 
of the lands. 

You can see the guide slot in the middle of the upper land. 
The torpedo guide stud and its slot have the same two func- 
tions as in an above-water tube. They line up the torpedo 
so that the depth- and gyro-setting spindles will engage 
their sockets. And they keep the starting torque of the 
motor from spinning the torpedo in the tube. 

The torpedo moves through the tube on four rollers. 
These rollers are mounted in brackets bolted to the bottom 
of the tube. (In figure 6-3, the arrow at the bottom of the 
picture points to one of the roller recesses.) You can adjust 
the height of the rollers by adding or removing shims under 
the roller-axle pins. Adjust thern to a height of 0.045 incli 
above the bottom land. 

BREECH DOOR MECHANISM 
Breech Door 

Figure 6-4 shows the breech door of a left-hand tube. The 
most important parts are numbered. You use the haud 
grip (3-7) to swing the door open or shut on its two hinge 
arms (3-1 and 3-4). The locking ring (3-8) is threaded, and 
screws onto the end of the barrel. At the left of the locking 
ring is a gear segment, which engages a pinion gear (3-3). 
By turning the squared extension (3-2) with a wrencli, you 
can rotate the locking ring. 

When you open or close the door, the lugs on its outer 
edges pass between the lugs of the locking ring. To lock the 
door shut you turn the locking ring. That engages its lugs 
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Figure 6-4.—Breech door of a left-hand tube. 


3-1 Upper hinge arm 
3-2 Squored extension on pinion 
gear 

3-3 Pinion gear 
3-4 Lower hinge arm 
3-5 Holes for attcching block and 
tackel 


3-6 Breech door 

3-7 Hand grip 

3-8 Breech door locking ring 

3-9 Pressure gage 

3-10 Tail stop handwheel 

3-11 Reflex woter goge 

(one of two sections) 


witli those of the door. The lugs force the door inward, so 
tliat it forms a watertight seal. 

The handwheel (3-10) operates the torpedo tail stop. The 
reflex water gage (3-11) shows you whether or not the tube 
is flooded. The pressure gage (3-9) shows the pressure inside 
the tube. 

Strongback 

The strongback is a safety device. If a depth charge 
should explode nearb}^ wliile the muzzle door is open, the 
sudden pressure might damage the breech door, or even 
blow it off. The strongback minimizes tliis danger. 
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It’s a portable strengthening member that fits across the 
outside of the door, and bolts to two holes in the locking ring. 
You can attach it quickly with two hand-turned nuts. A ring 
at the center of the strongback fits around the tail stop 
handwbeel, and presses against the door. 

Torpedo Tail Stop 

The torpedo tail stop is mounted on the inner surface 
of the breech door. It holds the torpedo against the forward 
torpedo stop, so the spindles of the setting mechanisms 
will engage properly. And the two stops keep the torpedo 
from sliding back and forth in the tube. 

To operate the tail stop, you turn the handwheel on 
the outside of the breech door (3-10 in fig. 6-3). Before 
you load a torpedo in the tube, you retract the tail stop by 
tuming the handwheel counterclockwise. After you lock 
the breech door, you turn the wheel clockwise until the 
tail stop touches the torpedo propeller nut. 

In ter lock Features 

The principal job of the interlock mechanism is to keep 
you from opening both doors at once. The breech door 
locking ring is ah important part of this system. When the 
muzzle door is unlocked, an interlock bolt touches a lug 
on the upper inboard surface of the breech door locking 
ring. That keeps you from turning the locking ring to 
unlock the breech door. Another lug keeps you from 
unlocking the muzzle door while the breech door is unlocked. 
(Different builders have installed various forms of interlock 
system. But they all work on the same general principle.) 

Breech Door Operation 

Before you can opm the breech door, you have to lock 
the muzzle door. Just above the breech end of the barrel, 
on the inboard side, is the door-interlock lever. To open 
the breech door, move the lever to the breech door un¬ 
locked position, as shown on the indicator. Then fit the 
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operating handle over the squared extension of the pinion 
shaft (3-2 in fig. 6-4), and turn the shaft counterclockwise 
to unlock the door. 

You can then open the door by pulling on the hand grip. 
But don’t let the door swing open freely and then come to a 
sudden stop. If you do, the hinges may be sprung so the 
door can’t make a watertight seal. Move the door by hand 
until it comes up gently against the stops on the hinge 
bracket. 

MUZZLE DOOR MECHANISM 
Muzzle Door 

Figure 6-5 shows the muzzle end of the tube (with the 
door closed) and names some of its parts. In figure 6-6, 
the door is open. (In both pictures, the gear housing cover 
has been removed.) 

When the muzzle door is closed, it seals the muzzle end 
of the tube so you can drain the tube and open the breech 
door. A rubber gasket on the inner edge of the door forms 
a tiglit seal against the barrel. When you drain the tube, 



Figure 6-5.—Muzzle end of tube, with the muzzle door closed. 

4-4 Muzzle-door operating shaft 4-7 Muzzle-door shaft 
4-5 Worm sector 4-8 Muzzle-door arm 

4-6 Worm 
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Fisure 6-6.—Muzzle end of tube, with the muzzle door open. 


the pressure of sea water pushes the door against the end 
of the tube, making the seal even tighter. 

On both bow and stem tubes, the muzzle door opens 
toward the centerline of the boat. From the closed to the 
open position, it swings through an arc of 90°. It’s carried 
on an arm supported by a> vertical shaft, which turns in 
bearings in a hinge bracket. (In figures 6-5 and 6-6, 
you’re looking down toward the top of the tube.) 

All bow tubes—and many stern tubes—have flat metal 
shutters that hide the muzzle doors and cut down the resis- 
tance of the hull as it moves through the water. When the 
muzzle doors open, the shutters slide forward and inward 
to make a ciear path for the torpedo. 

On the older tubes, you operate the muzzle door mecha¬ 
nismi by hand. (Figures 6-5 and 6-6 show the gearing of the 
hand-operated type.) Muzzle doors of all the newer tubes 
operate by hydraulic power, but you can work them manually 
in an emergency. 

Power-Operated Muzzle Door Mechanism 

The hydraulic system operates the muzzle door by moving 
its operating shaft fore and aft. The vertical shaft that 
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carries the muzzle door arm is connected to the operating 
shaft by a crank and connecting rod. 

The hydraulic power cylinder is mounted on the inboard 
side of the tube, a little below its centerline. A piston in 
this cylinder moves the operating shaft fore and aft. The 
cylinder receives oil, under pressure, from the ship’s hy¬ 
draulic manifold; you control the flow of oil by operating a 
control valve. The setting handle of this valve projects 
from the cylindrical part of the breech bracket. 

You can set the control valve in any of three positions: 
hand, open, and closed. For the open position, you move 
the handle full out toward the breech. The control valve 
supplies oil pressure to the muzzle end of the C3dinder. That 
forces the piston and operating rod toward the breech and 
opens the door. For the closed position, you move the 
operating handle toward the muzzle. The valve supplies oil 
to the breech end of the cylinder. That moves the piston 
and operating shaft toward the muzzle and closes the door. 

When you move the setting handle to the hand position, 
the valve is in neutral. Hydraulic power is blanked offfrom 
both ends of the cylinder. 

Emergency Hand Operation 

Figure 6-7 shows the breech end of a power-operated 
muzzle door mechanism. To open or close the door by hand, 
you turn the hand shaft (maiked 4-10 in the picture) with 
a wrench. The muzzle end of this shaft carries a spur gear 
(4-11 in the picture). The spur gear meshes with a jack-nut 
gear (4-13) that turns on the screw thread of the operating 
shaft. 

During power operation, the hand shaft is locked so that 
it can’t turn. Since the jack-nut gear is meshed with the 
spur gear, it can’t turn, either. Fore-and-aft motion of the 
operating shaft simply carries the jack-nut gear back and 
forth between the two thrust blocks, without turning it. 

But during hand operation, turning the hand shaft turns 
the jack-nut gear. The jack-nut gear moves forward or aft 
(depending on which way you’re turning the hand shaft) 
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Fisure 6-7.—Breech end of the power-operated muzzle door mechanism. 

4-9 Control valve 4-13 Jack-nut gear 

4-10 Muzzlc-door hand shaft 4-14 Thrust block 

4-11 Long spur gear 4-15 Power cylinder 

4-12 Gear indicator and gucrd 


until it comes up against one of the thrust blocks. That 
stops its travel along the threaded operating shaft. If you 
keep turning the hand shaft, the jack-nut gear will drive the 
operating shaft forward or aft, thus closing or opening the 
muzzle door. 


FLOOD-AND-DRAIN SYSTEM 

Two flood-and-drain lines enter the bottom of each tube— 
one near each end. The two lines join outside the tube. 
From there, they go to one of the flood-and-drain manifolds. 
There are two of these manifolds in each torpedo room—one 
for each bank of tubes. Each flood-and-drain manifold has 
a separate drain valve for each tube connected to it. The 
valves in each manifold make it possible to flood the torpedo 
tubes from, or drain them to, any of several tanks. Usually, 
you’11 flood and drain from the WRT tank near the tube. 

Two blow-and-vent lines enter the top of each tube—one 
near each end. These lines join outside the tube, and from 
there they go to the blow-and-vent manifold. You’11 find 
one of these manifolds in each torpedo room. Valves in 
each manifold control a blow-and-vent line from each tube 
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Fisure 6*8.—Blow-and-vent manifold of a stem nest. 

5-1 Control handle for No. 7 tube vent valve 
5-2 Handwheel for No. 7 tube blow valve 
5-3 Control handle for No. 9 tube vent valve 
5-4 Handwheel for No. 9 tube blow valve 
5-5 Control handle for trim-tank vent valve 
5-6 Handwheel for trim-tank blow volve 
5-7 Handwheel for WRT tank blow volve 
5-8 Control handle for WRT tank vent valve 
5-9 Handwheel for No. 10 tube blow valve 
5-10 Control hondle for No. 10 tube vent valve 
5-11 Handwheel for No. 8 tube blow valve 
5-12 Control handle for No. 8 tube vent valve 


in the nest, and blow-and-vent lines from the trim tank and 
the WRT tank. 

Figure 6-8 will give you an idea of what a blow-and-vent 
manifold looks like. 


Flooding and Draining 

When a torpedo is loaded in the tube, and both doors are 
locked shut, you’re ready to flood the tube. You open the 
tube vent valve, and the blow valve of the WRT tank. Air 
pressure forces water from the WRT tank, through the two 
flood-and-drain lines, into the tube. When the tube is 
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flooded, you secure both valves. You can then open the 
muzzle door and fire the torpedo. 

After closing the muzzJe door, you drain the tube by open- 
ing its blow valve and venting the WRT tank. When the 
tube is empty, and both valves secured, you can open the 
breech door to load another torpedo. 

The flood and drain system is interlocked with the muzzle 
door mechanism so that you can't open the drain valves when 
the muzzle door is open. 

TORPEDO STOP MECHANISM 

The torpedo stop mechanism Controls the position of the 
torpedo in the tube, so that the setting spindles (gyro, depth, 
and speed) will engage properly. The stop bolt projects 
downward into the tube through the guide slot in the top 
land. When you load a torpedo in the tube, you slide it for- 
ward until its guide stud touches the stop bolt. That keeps 
the torpedo from moving anv farther. You have to with- 
draw the stop bolt, of course, before you can fire the torpedo. 

When you load the torpedo in the tube, bring the stud up 
gently against the bolt. If you bang it, you may bend the 
bolt so that it can’t be witlidrawn. 

On top of the tube barrel you'11 find not one, but two, stop- 
bolt housings. The housing nearest the muzzle is the one 
you use. The other one is out of action; it was used with 
torpedoes that are now obsolete. 

Figure 6-9 is a cutaway view of the stop-bolt housing. 
As you can see, the bolt itself is a spring-loaded piston. The 
breech side of the bolt is flat. That makes a firm stop for 
the torpedo guide stud, and keeps the bolt from turning in¬ 
side the housing. There are two vertical grooves in the bolt. 
(You can see one of tliern in the picture.) These grooves vent 
the housing so that anv water or air in the housing wonT 
cushion the bolt and keep it from moving. 

The stop-bolt lever (6-5 in the picture) rides in a slot in 
the bolt. When the lever rises, it lifts the bolt out of the tube. 
The other end of the lever is secured to the stop shaft. The 
shaft doesnT show in the picture (fig. 6-9), but you can see 
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Fisure 6-9.—Cutaway view of the stop-bolt housing. 

6-5 Stop-bolt lever 6-8 Gib screw 

6-6 Stop bolt 6-9 Stop-bolt sprins 

6-7 Stop-bolt sib 


the squared end of it projecting toward you from the housing. 

On the other side of the housing (out of sight in fig. 6-9), 
a crank-like lever projects downward from the stop shaft. 
The bottom of this lever is connected to the stop rod. (Well 
teli you more about the stop rod later on.) When the stop 
rod moves toward the breech (that’s toward the left in fig. 
6-9), it draws the crank-like lever with it. That turns the 
stop shaft and lifts the stop bolt lever. And the stop bolt 
lever pulls the stop bolt out of the tube. 

When you fire the torpedo, the stop rod au tornat icallv 
moves toward the breech and withdraws the stop bolt from 
the tube. After the torpedo leaves the tube, a spring returns 
the stop rod to its original position so that the stop bolt 
again projects into the tube. 

Hand Operation 

When you fire certain special weapons from a torpedo 
tube, you have to withdraw the stop bolt by hand. You 11 
find a hand retraction mechanism on the stern tubes of some 
Fleet submarines. You operate it by turning a shaft that 
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passes through a base attached to the speed-setting mecha- 
nism. One end of the sliaft is squared, so you can turn it 
with a wrench. 


TRIPPING-LATCH MECHANISM 

The tripping latch is a hammer-shaped lever about 6 inclies 
long. Figure 6-10 shows it in the down position, witli its 
tip projecting into the tube. When you load a torpedo into 
the tube, the tripping latch must be in the up position (shown 
by the dotted lines in figure 6-10). 



Fisure 6-10.—Section through the tripping-latch mechanism. 

7-9 Crank arm 7-10 Adjustable link 7-11 Tripping latch 

When you fire a torpedo, it moves forward about three 
quarters of an inch before the tripping latch throws the 
torpedo starting lever. By adjusting a turnbuckle, you can 
regulate the distance the latch projects into the tube when 
it’s down. 

After you load the torpedo into the tube, but before you 
fire it, the tripping latch mechanism must move the latch to 
its down position. There are two different kinds of tripping- 
latch mechanism in use. One kind lowers the latch when 
you close the breech door. The other lowers the latch when 
you move the firing-interlock lever to its tube ready to fire 
position. 
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Breech Door Actuated Tripping-Latch Mechanism 

This mechanism lifts the tripping latch when the breech 
door is about half open, and lowers it when the door is a little 
more than half shut. A cam on the upper hinge pin of the 
breech door is keyed to the upper arm of the door, and turns 
when the door moves. As it turns, the cam raises or lowers 
the tripping-latch arm. The arm is linked, through a shaft, 
to the tripping latch. 

Before you load a torpedo into the tube, it’s a good idea 
to check the action of the tripping-latch mechanism. Sight 
down the tube with the breech door open, to be sure the 
latch is up. Look again with the door a little more than half 
shut, to be sure it’s down. 

Firing-lnterlock Lever Actuated 
Tripping-Latch Mechanism 

This mechanism lowers the tripping latch when you set the 
firing-interlock lever to the tube ready to fire position, 
and lifts it when you move the lever to the muzzle door 
unlocked position. 

On some tubes, the tripping-latch mechanism has been 
converted from breech door actuated to interlock-lever 
actuated, by accomplishment of Ordalt 2518. On these 
tubes, the tripping-latch cam is stili in place on the breech 
door. It’s no longer a part of the tripping-latch mechanism, 
but it stili holds the breech door upper hinge pin in the 
hinge bracket. 

When the torpedo is outside the tube,* you keep a safety 
guard clamped in place behind the starting lever, so that it 
can’t be tripped accidentally. Be sure to remove the safety 
guard when you load the torpedo into the tube. Take it off 
just before the torpedo afterbody enters the tube. 

DEPTH-SETTING MECHANISM 

Figure 6-11 shows the depth-setting mechanism removed 
from the tube. (The spindle is vertical, inside the housing 
at the top of the picture.) The engaging and disengaging 
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lever (marked 8-3 in the picture) is set at the spindle in 
position. Tuming the hand crank (8-4) tums the spindle, 
which makes the depth setting in the torpedo. The dial. 
graduated from 0 to 50 feet, shows the setting. (On the 
upper tubes in each nest the dial is verti cal, so you can read 
it from the side.) 



Fisure 6-11.—Depth-setting mechanism. 

8-3 Deplh-setting engaging and dis- 8-6 Depth-setting mechanism housing 
engaging lever 8-7 Slot in detent wheel (one of two) 

8-4 Depth-setting hand crank 8-8 Detent plunger 
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When you give the hanc! crank one full tum, you change 
the depth setting by 2 feet. But you can’t tum the crank 
unless the spindle is engaged. When you move the engaging 
lever to the spindle out position, it pushes a detent plunger 
(8-8 in fig. 6-11) into one of the two detent slots (8-7), and 
that locks the crank shaft. (You can easily see why we need 
this detent feature. If the crank were free to tum with the 
spindle disengaged, it might be moved accidentally. Then 
the dial would no longer show the actual depth setting in 
the torpedo.) 

You can also see that if the dial is going to read correctly, 
you have to match it with the torpedo setting before you 
load the torpedo into the tube. (Remember that when there’s 
a torpedo in the tube, you can’t change the dial setting with- 
out changing the torpedo setting at the same time.) So, 
before you load a torpedo into the tube, set the dial to exactly 
10 feet. Set the torpedo depth as near as possible to 10 feet. 
(But be sure that two of the square sides of the torpedo 
socket are parallel to the fore-and-aft axis of the torpedo, so 
that the spindle will engage properly.) 

The interlock system keeps you from firing the torpedo 
when the spindle is engaged. And it keeps you from engag¬ 
ing the spindle when the interlock lever is set at tube ready 
to fire. 


SPEED-SETTING MECHANISM 

Of the various torpedoes that can be fired from submarines, 
only one—the Mk 14—has two speeds. The speed-setting 
mechanism makes it possible to change speeds after youVe 
loaded a Mk 14 torpedo into the tube. 

Since this mechanism is very much like the depth-setting 
mechanism, we won’t describe it in detail. Its spindle en- 
gages a socket in the torpedo. It has a lever for engaging 
and disengaging the spindle. Instead of a hand crank it 
has another lever, which you can set in either of two posi- 
tions—high speed or low speed. And since the spindle must 
be withdrawn from the tube before you fire the torpedo, the 
speed-setting mechanism has an interlock feature. 
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GYRO-SETTING SYSTEM 


After you fire a torpedo from a submerged tube, it tums 
through an angle until it comes on the course you’ve set on 
its gyro. And then the gyro holds it on that course through- 
out the rest of the torpedo run. If either the submarine or 
the target is moving, the correct gyro angle—the one you 
need to get a hit at any given moment—is constantly chang- 
ing. You have to keep changing the torpedo’s gyro setting 
accordingly. The gyro-setting mechanism makes this pos- 
sible. 

Like the depth- and speed-setting mechanisms, the gyro- 
setting mechanism is mounted on the outside of the tube 
barrel. It has a spindle that projects into the barrel, and 
engages or disengages a mating socket in the torpedo after- 
body. 

We’ll describe the Torpedo Data Computer in the next 
chapter, and teli you how it calculates the proper gyro angle. 
We won’t go into it here. The Torpedo Data Computer 
constantly transmits the correct gyro angle to the gyro- 
setting indicator-regulator in each torpedo room. And the 
indicator-regulator constantly sets the changing gyro angle 
on ali the tubes in the nest. (You'11 find a short description 
of the gyro-setting indicator-regulator in chapter 7. It’s 
described fully in OP 1169.) 

Two shafts extend from the gyro-setting indicator-regu¬ 
lator—one to each bank of tubes. Each of these shafts is 
geared to a vertical drive shaft. Each drive shaft rises on 
the inboard side of its bank of tubes. In the bow nest, it’s 
made of three separate sections; in the stern nest, there are 
two. The sections of the drive shaft are connected by 
flexible couplings to a worm drive shaft on each tube. 

You engage the gyro-setting spindle by hand. But it can 
be retracted either manually or automatically. \Vhen you 
fire a torpedo, the gyro-retraction slide automatically with- 
draws the gyro-setting spindle from the tube—without chang¬ 
ing the gyro orders that are being sent to the other tubes. 

Figure 6-12 shows the retraction unit and tube unit of 
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the gyro-setting mechanism. A flexible coupling connects 
the vertical drive shaft to the lower end of the worm drive 
shaft (10-8 in the illustration). The upper end of the worm 
drive shaft, through another flexible coupling, turns the next 
section of the vertical drive shaft. 


Retraction Unit 

This unit engages and retracts the gyro-setting spindle. 
Its engaging lever (10-10) turns a clutch fork shaft (10-13). 
The clutch fork, mounted on the lower end of the shaft, 
extends toward the spindle. (In figure 6-12, it extends 
toward the left. The outer end of the spindle is behind the 
square piate with four screws.) 

The ends of the clutch fork engage a sleeve on the spindle. 
So, by turning the engaging lever, vou can move the spindle 
in or out of the tube. An indicator piate (10-12) on the 
clutch fork shaft shows whether the spindle is in or out. 

The engaging lever is normally locked in a position parallol 
to the tube. By pressing a handle lock release (10-9 in 
fig. 6-12), you can unlock the lever. Then vou can turn it 
to the spindle in position. 

To retract the spindle manually, unlatch the engaging 
lever and turn it until the handle shaft bolt releases the 
retraction lever and engages the engaging lever. You can 
then return the engaging lever to its original position. On 
this return trip, it turns the clutch fork shaft and withdraws 
the spindle. 

When you use automatic retraction, the spindle is with- 
drawn from the tube an instant before the impulse air is 
released. When you close the firing key, a stop piston rod 
in the firing mechanism moves toward the breech. (We’ll 
discuss tliis later.) This rod moves the gyro-retraction 
slide, whicli turns the retraction lever (10-16 in fig. 6-12). 
The retraction lever turns the clutch fork shaft and with¬ 
draws the spindle. After the torpedo leaves the tube, a 
spring draws the gyro-retraction slide and the stop piston 
rod baek to their original positions. 
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Fisure 6-12.—Rctraction unit and tube unit of the gyro-setting mechanism. 


10-8 Worm drive shaft 
10-9 Handle lock release 
10-10 Engaging lever 
10-11 Pointer piate 
10-12 Indicator piate 
10-13 Clutch-fork shaft 


10-14 Spindle drive housing 
10-15 Shaft bolt release button 
10-16 Retraction lever 
10-17 Spindle housing 
10-18 Indicator-switch housing 
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Tube Unit 


The tube unit transmits the rotation of the drive shaft to 
the gjTO spindle. A gear on the worm shaft (fig. 6-12) 
meshes with a worm wheel which turns the gyro-setting 
spindle. 

The engaging end of the spindle has a square shank. 
Before it can be engaged, it must be properly lined up with 
the gyro-setting socket in the torpedo. If the spindle won’t 
enter the sockec, and you think misalignment is the reason, 
turn the spindle slightly bv operating the hand drive of the 
gyro-setting indicator-regulator. 

Before you load a torpedo into a bow tube, be sure to set 
its gyro at “0”; on stern tubes, set it at “180.” 

FIRING MECHANISM 

The firing mechanism is very much like that of an above- 
water fixed tube. You can operate it manually by pressing 
a firing lever, or electrically by pressing a firing key. The 
mechanism then releases an impulse charge of high-pressure 
air into the breech end of the tube. The compressed air 
forces the torpedo out through the muzzle door. 

The three drawings in figure 6-13 show how the firing 
system works. When you press the firing key, several things 
happen quickly. We’ll describe the various parts in the 
order in which they operate, even though they act almost 
simul taneously. 

Operation of the Firing System 

To start the firing operation, you can press either the 
electric firing key or the hand firing key. Pressing the 
electric key closes an electric circuit and sends current 
through the coii of a solenoid. The solenoid draws its core 
upward, and a firing lever hook at the bottom of the solenoid 
core lifts the firing lever. But you can also lift the firing 
lever by pressing the hand firing key at the other end of it. 
Figure 6-14 shows what these parts actually look like. 
Compare this picture with the schematic drawings in figure 
6-13. 
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Fisure 6-13.—Schematic diagrams showing operation of the firing system. 


No matter which way you operate the firing lever, its 
effect is the same: It lifts the stem of the stop cylinder valve 
(marked 11-16 in fig. 6-14). 

Note. When you’re ordered to fire the tube, hold the firing key 
down for four full seconds. If you release the key too soon, the 
tube may misfire. 

At the upper end of the valve stem is the stop cylinder 
valve. (Find it in figure 6-13.) Aspring normally keeps 
this valve seated. The chamber is open to the compressed 
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Fisure 6-14.—Solenoid, firing lever, and stop cylinder. 

11-5 Firing-lever hook 11-16 Stop-cylinder valve stem 

11-13 Stop-piston rod spring 11-17 Firing lever 

11-14 Stop-cylinder volve body 11-18 Hand Firing key 

11-15 Connection for ship Service 
air line 


air of the ship Service line, and the air pressure helps to keep 
the valve closed. (The valve is closed in drawing 1 of figure 
6-13.) 

When you lift the firing lever, either manually or elec- 
trically, it lifts the valve stem and opens the stop cylinder 
valve (drawing 2 in fig. 6-13.) Ship Service air posses 
through the valve to the muzzle end of the stop cylinder; 
forcing the stop piston rod toward the breech. 

Directly toward the breech from the stop piston rod, the 
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end of the interlock shutter bar enters the stop cylinder. 
(Find it in figure 6-13.) If the firing interlock lever is 
set at tube ready to fire, a hole in the interlock shutter bar 
lines up with the stop piston rod and the rod passes through 
the hole. If the tube is not ready to fire, the shutter bar 
blocks the stop piston rod and the firing mechanism can’t 
operate. 

After the stop piston rod passes through the opening in the 
interlock shutter bar, it does two things. First, it pulls the 
gyro retraction slide toward the breech. (The slide with- 
draws the gyro-setting spindle and the stop bolt.) Second, 
it touches the end of the pilot valve stem and forces it toward 
the breech. (Find the pilot valve and its stem in figure 
6-13.) 

The pilot valve is normally held shut by spring pressure. 
When it’s closed, the pilot valve seals off the end of an an¬ 
ime that comes from the firing valve. (When there’s 
pressure in this line, the pressure itself tends to hold the 
pilot valve shut.) 

The movement of the stop piston rod opens the pilot 
valve, as in drawing 2 of figure 6-13. When the pilot valve 
opens, any pressure in the line from the firing valve is vented 
to the atmosphere. 

Figure 6-15 is a cutaway view of the firing valve. Com¬ 
pare this picture with the schematic drawings in figure 6-13. 

Lefs assume, for a moment, that there^ no pressure in 
the impulse tank. The lifting cup is held against its seat— 
partly by its own weight and partly by the pressure of the 
spring inside it. Notice in figure 6-15 that there’s a compres- 
sion ring around the outside of the cup, and that the bottom 
of the cup is beveled. 

Now let’s assume that you quickly charge the impulse 
tank with high-pressure air. The ring around the cup will 
hold the pressure. And the force of the air against the bevel 
will lift the cup. But in actual practice, you always charge 
the impulse tank slowly. The pressure around the cup 
increases gradually, so that air has time to leak past the ring. 
When the tank is fully charged, the space above the lifting 
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Figure 6-15.—Cutaway view ot the firing valve. 

Throttling rod 11-65 Nut for attoching firing- 

Orifice cup valve head to body 

Lifting cup 
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cup is filled with impulse air at the same pressure as that in 
the impulse tank. 

Impulse air is now pressing up against the bevel at the 
bottom of the cup. But it’s also pressing down on the whole 
upper surface of the cup. Of course the downward pressure 
is greater than the upward pressure. So as long as there’s 
impulse air in the chamber above the cup, the cup will stay 
seated. But if you vent the pressure above the cup, the 
upward pressure against the bevel will lift the cup and open 
the firing valve. 

Now look at drawing 3 of figure 6-13. The stop piston 
rod has opened the pilot valve. That vents the pressure in 
the chamber above the cup. The upward pressure against 
the bevel lifts the cup from its seat. And impulse air passes 
out through the check valve and into the breech end of the 
tube. 

The check valve is normally held shut by spring pressure. 
But the impulse air easily overcomes the pressure of the 
spring, and opens the valve. 

The check valve does two things. First, when the tube 
is flooded, the check valve keeps water out of the firing 
valve. Second, it provides a space, between the firing valve 
and the tube, in which the pressure is less than that of the 
impulse air. 

That space is important. If you suddenly apply the full 
impulse pressure to the torpedo, it might do a lot of damage. 
It might even crush the afterbody. But the space between 
the lifting cup and the check valve acts as an air cushion. 
When the firing valve opens, pressure in this space builds up 
quickly. But the increase is gradual enough to prevent 
damage to the torpedo. 

The firing valve has another feature to keep the pressure 
from building up too fast. In figure 6-13, notice that the 
lifting cup and a part of the space above it are filled with 
water. A throttling rod passes up through the center of the 
lifting cup and through a hole in the center of an orifice 
cup. (In figure 6-15, the throttling rod is marked 11-62; 
in figure 6-13, it’s a black vertical line.) 
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Water, you remember, is practically ineompressible. As 
it rises, the lifting cup has to force water through the opening 
between the throtting rod and the orifice. Because the open¬ 
ing is small, it resists the flow of water and slows down the 
motion of the lifting cup. 

But think what’s going on inside the torpedo tube. 
Impulse air has entered the tube and the torpedo has started 
to move. But as the torpedo moves forward, the impulse 
air expands and its pressure drops. How do we get around 
that? Take another look at figure 6-15. 

Notice that both the orifice and the throttling rod are 
tapered. At first, the opening between them is small and 
offers a high resistance to the flow of water. But as the 
lifting cup pushes the throttling rod upward, the opening 
becomes larger. The water resistance drops, and the lifting 
cup moves faster. That keeps the impulse pressure in the 
tube more nearly constant. 

The impulse cup loses some of its water each time you 
fire a torpedo. If you can, refill the cup after each shot. 
(This takes time, since the water has to trickle down through 
the orifice.) Open both the filling and overflow valves. 
Pour fresh water into the filling funnel until it runs out the 
overflow valve. Then close both valves. (In figure 6-15 
you can see the filling funnel at the top of the picture. The 
filling valve is just below it. The overflow valve is at 
the right, just above the level of the orifice.) 

Interlock Features 

Before you can set the firing interlock lever at the tube 
ready to fire position, you have to make these settings: 

1. Breech and muzzle door interlock lever at the muzzle 
DOOR UNLOCKED position. 

2. Drain valve and muzzle door interlock lever at the 
DRAIN VAL\ E LOCKED position. 

3. Depth and speed-setting spindles at the out position. 

4. Impulse stop valve (if there is one) at the open position. 
(Some submarines have an impulse stop valve in the line 
between the impulse tank and the firing valve.) 
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When youVe made ali tliese settings, the muzzle door 
operating shaft is unlocked. Then you can open tlie muzzle 
door, and move the firing interlock lever to tube ready to 
fire position. 

POPPET VALVE SYSTEM 

You use the poppet valve system when you want to keep 
the impulse air from escaping into the sea and making 
bubbles that would give away your submarine^ position. 

Operating Unit 

Figure 6-16 shows the operating unit that Controls the 
poppet valve action. Compressed air from the ship service 
line enters the unit through an opening at each end. (In 
figure 6-16, the openings are marked 12-35 and 12-43.) 

At the breach end of the unit (the left end in figure 6-16), 
air enters a cylinder (12-36 in the picture). There it presses 
against a valve. The valve is normally held shut by 
spring pressure. The air pressure is added to that of the 
spring and keeps the valve shut. 

At the muzzle end of the unit, air enters another cylinder 
and presses against a piston. Notice that this piston has a 
bigger diameter than the valve in the other cylinder. Air 
pressure against the piston is strong enough to overcome that 
against the valve, as well as the pressure of the valve spring. 

A collar on the piston rod presses against a piston fork 
(12-41 in fig. 6-16) on a shaft (12-47). If the shaft is free 
to turn, the collar will merely push the piston fork out of its 
way. The piston rod will then move against the valve stem 
(12-39) and open the valve. When the valve opens, it 
supplies ship service air, through a lead (12-38), to the 
poppet valve. And this air pressure opens the poppet valve. 

But you don’t want the poppet valve to open until you 
fire the torpedo. You don’t even want it to open at the 
instant of firing. If it did, the impulse pressure would 
drop before the torpedo could get under way. (Actually, 
the poppet valve opens after the torpedo has traveled about 
9 feet through the tube.) 
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Figure 6-16.—Cutaway view of the operating unit. 


12-35 Lead from ship Service air 
supply line 

12-36 Valve chamber 
12-37 Volve spring 
12-38 Lead to poppet valve 
12-39 Valve stem 
12-40 Operating-unit piston 
12-41 Piston fork 


12-42 Cylinder 

12-43 Lead from ship Service air 
supply line 

12-44 Operating-unit body 
12-45 Flange for attaching to barrel 
12-46 Pull-rod fork 
12-47 Shaft 
12-48 Pull rod 


Now look at figure 6-16 again. The operating unit 
can’t supply air to the poppet valve unless the shaft (12-47) 
is free to turn. At the other end of the shaft is a pull rod 
fork connected to a pull rod (12-48). The shaft can’t turn 
unless the pull rod can be pulled toward the breech. (The 
breech is to the left in the picture.) 

Figure 6-17 shows the roller trip unit at the other end 
of the pull rod. The operating unit, you remember, is trying 
to pull the rod to the left. In order to move, the pull rod 
must turn the roller crank (12-76) and lower the roller 
(12-77) into the torpedo tube. 

When there’s a torpedo in the tube, the roller bears against 
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Fisure 6-17.—Cutaway view of the roller trip unit. 

12-48 Pull rod 12-76 Roller crank 

12-75 Roller trip housing 12-77 Roller 

its surface and can’t move down. So the pull rod can’t be 
pulled, the operating unit can’t operate, and the poppet 
valve stays shut. 

As the torpedo begins to move through the tube, the roller 
rides on it. As the roller rides down the tapered surface of 
the tocpedo afterbody, it begins to release the pull rod. 
After the torpedo has moved about 9 feet, the pull rod has 
moved far enough to open the poppet valve and vent the 
impulse air back inside the boat. 

Figure 6-18 shows the poppet valve itself. It’s mounted 
on top of the torpedo tube by the flange (12-9) at the lower 
left. The valve disc (12-10) is normally held against its seat 
by the pressure of a spring (12-15). When compressed air 
from the operating unit comes through the inlet (12-8), it 
presses against the piston (12-12). The piston moves to- 
ward the breech (to the left in fig. 6-18) and unseats the valve 
disc, opening the valve. 

Poppet Valve Controls 

The poppet valve Controls are mounted above the breech 
end of the tube nest. They consist of a vent-closing valve 
and a tube-vent valve for each tube. Before you can use the 
poppet valve, you have to set it by moving the vent-closing 
valve setting lever to its on position. Do this before you fire 
the torpedo. The poppet valve then will open automatically 
at the proper instant. 
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Fisure 6-18.—Cutaway view of the poppet valve housing. 

12-8 Air inlet from operating unit 12-13 Poppet valve piston chamber 

12-$ Flange for connection to 12-14 Poppet valve stem 

barrel 12-15 Valve-stem spring 

12-10 Valve disc 12-16 Gag nut 

12-11 Rubber cushion 12-17 Gag collar 

12-12 Poppet valve piston 12-18 Shoulder stud 


But you have to close it by hand. There are two ways 
to do it: 

1. After you press a latch release button, place the vent- 
closing valve setting lever in its off position. 

2. Place the tube vent valve in its open position. Througli 
a connecting link, this tums the vent-closing valve to off. 
It closes the poppet valve and opens the tube vent valve. 
After the tube is completely vented, you close the tube vent. 

Poppet Valve Discharge System 

This system carries the vented impulse air to tanks or 
bilges. Since some water usually goes through the poppet 
valve along with the air, there’s a discharge system to drain 
it off. After going through the poppet valve, the impulse air 
and the water that’s carried with it go through the poppet 
discharge stop valve, then through a discharge pipe to the 
tanks or bilges. 

You operate the stop valve by turning a handwheel. 
When the valve is closed, it seals the opening between the 
poppet valve and the discharge pipe. When you prepare a 
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tube for firing, be sure to open the stop valve. If the 
poppet valve fails to close properly, you can quickly close 
the stop valve to keep excess water out of the boat. 

Poppet Valve Timing 

You remember that water pressure increases with the 
depth. If the submarine is deep in the water, water pressure 
quickly forces the impulse air out through the poppet valve. 
If the submarine is near the surface, the water pressure is 
much less. The poppet valve must stay open longer to vent 
the tube completely. 

Closing the poppet valve by hand takes careful timing. 
The poppet valve system includes a mechanical timer, linked 
to the poppet valve indicator. Before you fire the torpedo, 
you set the hand of the timer for the number of seconds the 
poppet valve must stay open. (As we said, the time depends 
on the depth. On page 109 of OP 1085 youTl find a graph 
that shows the approximate poppet valve timing for various 
depths.) 

When the poppet valve opens, the linkage automatically 
starts a rotating hand on the timer. When the two hands 
match, they close an electric circuit. A red lamp lights up to 
show you when to close the valve. 

SUMMARY OF TUBE OPERATION 

Before you load a torpedo into the tube, check the tripping- 
latch mechanism, the stop mechanism, the gyro-, depth-, 
and speed-setting mechanism, and the roller trip unit of the 
poppet valve mechanism. Ali these units must be in proper 
working order. Make sure they’re clean and well lubricated. 
Be sure that each projects the prescribed distance into the 
tube. 

If there’s a stop valve between the impulse tank and the 
firing valve, make sure it’s closed. 

Inspect the inside of the barrel. It must be clean and well 
lubricated. 

Check the water level in tlie firing valve. Add more water 
if necessary. 
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Test the firing and lighting circuit. 

See that the prescribed gyro angle, depth, and speed are 
set in the torpedo. See that the tube mechanisms are set for 
the same gyro angle, depth, and speed, as the torpedo. 

Load the torpedo into the tube. Just before the starting 
lever enters the tube, remove its safety guard. Push the 
torpedo up gently against the stop bolt. Remove the pro- 
peller lock. Close and lock the breech door. 

Tum the tail stop handwheel to bring the tail stop up 
against the propeller nut. 

Check the pressure in the impulse tank and in the ship 
service line. If there’s a stop valve between the impulse 
tank and the firing valve, open it a crack, wait a moment, 
and then very slowly open it ali the way. 

Open the tube vents and flood the tube as ordered. 

Open the muzzle door as ordered. 

Withdraw the depth- and speed-setting spindles. 

Throw the firing interlock lever to the tube ready to 
fire position, and report the tube “ready to fire. ,, 

Fire when ordered. Be sure to hold down the firing key 
or the firing handle for a full 4 seconds. 

Close the poppet valve. Close the stop valve, if fitted. 
Close the muzzle door. 

Open the drain valves and blow the tube, as ordered. 

REPAIRS 

If you’re stationed aboard a submarine on patrol, there 
isn’t much you can do to repair the tubes. If a major part 
breaks, the tube is out of action. Space on a submarine is 
so limited that there J s no room to carry a full stock of spare 
parts for the torpedo tubes. 

If you’re aboard a repair ship or submarine tender, you 
may have to replace broken tube parts when a sub comes 
alongside. Until youVe gained experience, you’11 usually be 
able to work with a higher rated man who vili show you 
how. But if you have to work alone, on a part with which 
youVe had no previous experience, followyour usu alme thod: 
Study the OP’s and the drawings until you understand 
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clearly how the part works, how it’s mounted on the tube, 
and how it’s linked to the other tube mechanisms. Then, if 
you work carefully and patiently, you aren’t likely to run 
into trouble. 

MAINTENANCE 

In the OP’s that describe the various marks of submerged 
tubes, you’11 find maintenance checklists. Since tube instal- 
lations vary somewhat, most submarines have their own lists. 

We’ll give you a sample checkoff list here. Give it enough 
study to become familiar with the kinds of maintenance 
operations that are required. But don’t try to use this sample 
as a checkoff list on your submarine. 

DAILY 

Prepare the tubes for firing. 

Fire water slugs from each tube, using the full impulse 
pressure. (To bring the whole firing mechanism into play, 
the tube should be fired from regular firing stations.) 

As you fire the tube, watch the action of all its mechanisms. 
Give special attention to these points: 

Maximum barrel pressure (shown on the gage on the 
breech door). After you press the firing key, the maximum 
pressure should be reached quickly. If there’s any delay, 
there is something wrong with the firing mechanism. Find 
the trouble and fix it. 

Where the stop-bolt rods and bell-crank levers are visible, 
watch their action. If their movernent is slow or jerky, 
find out why. Inspect all their working surfaces to be sure 
they’re clean and lightly lubricated. Inspect the stuffing 
boxes; be sure the packing is lubricated, and be sure that the 
stuffing box glands aren’t set up too tight. 

Check the action of the tube ready liglits. These lights 
show when the tube is ready to fire. They should be on 
only when the muzzle door is fully open, the depth- and 
speed-setting spindles out, the firing stop valve open, and 
the interlock lever in the tube ready to fire position. 

After you finisli the water slug test, close the muzzle door 
and drain the tube. 
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Open the breech door and check the position of the stop 
bolt. See that it extends well across the guide slot of the tube. 

Work the tripping latch by hand, to make sure it moves 
freely. 

Operate ali the vent and drain valves. 

Operate the gyro-, depth-, and speed-setting mechanisms. 

WEEKLY 

Open the breech doors. If there’s a torpedo in the tube, 
withdraw it. Fire each tube inboard, using low impulse 
pressure. Check the action of all the tube mechanisms. 

Build up full impulse pressure, and shut off the supply to 
the impulse tank. If there’s a stop valve between the impulse 
tank and the firing valve, open it (very slowly). Put 
pressure on the auxiliary air line. 

Leave the air in the system for 15 minutes and watch for 
any drop in pressure in the impulse tanks. Listen for any 
sound of escaping air. And watch the stop rod to be sure it 
doesn’t move during the test. If the stop rod moves, there’s 
probably a leak in the relay valve or the pilot valve. If 
you hear escaping air, or if the impulse tank pressure falis, 
there’s probably a leak in the firing valve. In either case, 
find the leak and fix it. 

QUARTERLY 

Remove the firing valve bonnets. Inspect the valves, 
valve seats, and springs. 

Inspect the check valve. 

Inspect the stop-bolt piston springs. 

Disassemble the tripping latch mechanism. Clean and 
lubricate all its parts. Test the spring, and replace it if it’s 
weak. 

Inspect all rubber gaskets. Replace them if they’re cut 
or frayed, or if they show signs of hardening or rotting. 

Inspect the gyro-, speed-, and depth-setting mechanisms. 
Clean and lubricate them if necessary. 

WhEN THE SuBMARlNE IS DrY-DoCKED 

Inspect the muzzle-door gaskets. 

Inspect the relief valves and springs, if fitted. 
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Inspec-t, repack, and lubricate all stuffing boxes. 

Examine the muzzle doors and shutters. Be sure they 
open fully. Be sure there’s no lost motion that might per- 
mit the door or shutter to interfere with the passage of tor- 
pedoes from the tube. 

Pass a bore gage through each tube. Check the distance 
that each of the mechanisms protrudes witliin the bore. (Use 
a barrel centerline gage if there J s one available.) 

Boresiglit the tubes; check their alignment with the 
periscope line of sight. 


REFERENCE 

OP 1085, 21-inch Submerged Torpedo Tubes 
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QUIZ 


1. In the bow nest, which way do the breech doors swing to open? 
The muzzle doors? How does this compare with the stern nest? 

2. If left-hand and right-hand tubes are the same mark and mod, are 
their parts interchangeable? Whv? 

3. Where is the guide stud slot? What is it for? 

4. Where is the torpedo tail stop? What does it do? 

5. What do the muzzle-door shutters do? How do you open them? 

6. What supplies the power to operate the muzzle doors? 

7. Describe the operation of the flood-and-drain system, starting 
from the time you lock the breech door. 

8. Why are there two stop-bolt housings on the barrel? Which one 
do you use? 

9. Describe two different ways in which the tripping latch mechanism 
may be actuated. 

10. When should you remove the safety guard from the torpedo 
starting lever? 

11. Why is the gvro-setting spindle usually withdrawn automatically 
rather than manually? 

12. Why is it necessary to release the impulse air into the tube grad- 
ually? 

13. What two features make it possible to release the impulse air 
gradually? 

14. Why should you charge the impulse tank slowly? (Or, if there’s 
a stop valve between the tank and the firing valve, why should you 
open the stop valve slowly?) 

15. Why doesn’t the poppet valve open until the torpedo has traveled 
about 9 feet through the tube? 
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TORPEDO FIRE CONTROL 

If you’ve taken a quick look through this chapter, youVe 
probably decided that torpedo fire control is a tough subject. 
And we can see how you might get that idea. To understand 
fire control you’11 have to learn a number of new words, and 
their definitions, and the symbols that go with them. But 
that’s just a matter of patience and memory. The rest—the 
basic idea of fire control—is easy. 

Here’s an example that’s often used to show the basic idea 
of torpedo fire control. Let’s pretend that you’re a small 
bo}^ throwing snowballs at a moving truck. If you’re smart, 
you don’t throw them straight at the truck. Because the 
truck is moving, it will be gone before the snowball can get 
there. Instead of aiming at the truck, you aim at some 
point in front of it. If you’re lucky, the snowball and the 
truck will reach that point at the same time. You’11 get a 
hit. 

TRIANGLE OF TORPEDO FIRE 

The torpedo fire control problem is very much like the 
snowball problem. Instead of throwing a snowball, you’re 
firing a torpedo. Your target is an enemy ship, instead of a 
truck. If you aim at the point where you see the target, 
you’11 miss. Before the torpedo can reach that point, the 
enemy ship will be gone. Again you must aim at some point 
in front of the target. If the torpedo and the target ship 
reach that point at the same time, vou’11 score a hit. 
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Fisure 7-1.—How the triangle of torpedo Fire compares with snowballing 

a truck. 

Figure 7-1 shows how the torpedo control problem com¬ 
pares with the snowball problem. In both problems, the 
right solution depends on solving a triangle. 

Parts of the Triangle 

Part A of figure 7-1 represents the triangle of snowball 
fire control. The left side of the triangle is a line from you 
to the truck, at the instant you throw the snowball. The 
far side of the triangle is the path the truck will take while 
the snowball is in flight. The angle between these two sides 
is your bearing, as measured from the truck at the instant 
you throw. 

The right side of the triangle is the path the snowball will 
follow in flight. The angle between the snowbaH path and 
the line from you to the truck is the allowance you make for 
the movement of the truck. And this angle is the solution 
to your problem. If you make the right allowance, you’11 
get a hit. 

How did you solve this problem? Without even thinking 
about it, you considered several things: the distance from 
you to the truck, the direction in which the truck was mov- 
ing, and the speed at which the snowball would fly. You 
put all these things together, and then came up with the 
answer—the angle you allow for target motion. 
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In part B of figure 7-1 you have the torpedo fire control 
problem. It’s the same triangle again, except that this 
time the parts are labeled in fire control terms. A straight 
line from own ship to the target ship, at the instant you fire 
the torpedo, is the line of sight. The path that the target 
will take while the torpedo is under way is the target track. 
The path that the torpedo will follow is the torpedo track. 
The angle between the line of sight and the torpedo track is 
the solution to your problem—the sight angle. If you 
fire the torpedo with the proper sight angle, then torpedo 
and target will both reach the point of intercept at the 
same instant. 

As in the snowball problem, you find the answer—an 
angle—by solving a triangle. And youYe able to solve the 
triangle because of the data you have: the distance from 
own ship to the target; the target angle; the course and speed 
of the target; and the speed of the torpedo. 

As you can see, the basic idea of the torpedo control 
problem is very much like that of the snowball control 
problem. But the big difference between them is this: It 
isn’t very important whether or not the snowball hits the 
truck. There’s no harm in solving this problem by estimates 
and guesses. But your life may depend on whether or not 
your torpedo hits the enemy ship. To solve the torpedo 
control problem, we use careful measurements and accurate 
calculations. 

It’s possible to solve an actual torpedo control problem, 
and come up with the right answer, by laying out the triangle 
on paper. Figure 7-2 shows how it’s done. 

Drawing the Triangle 

There are two triangles in the figure. One of them (A) is 
based on speeds, and the other (B) on distances. WeTl draw 
the speed triangle first. You’11 need a pencil, a ruler, a 
compass, and a protractor. Since what you’re drawing is 
actually a map, your first problem is to decide which way is 
north. Then lay out the line of sight (any convenient dis¬ 
tance) at the correct angle from north. Mark own ship and 
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the target ship ( W ) at.the ends of the line of sight. From 
W r , draw a line representing the target track. Since you 
know the targefs course (it’s measured clockwise, from north 
around to the target’s bow), you can use your pro tractor to 
find the proper direction of the target track. 

Now, along the target track, mark off a distance that 
represents the target speed. You can use any convenient 
scale—for example, 5 knots to the inch. This is the line 
WG in part A of figure 7-2. And G is the point of intercept. 

Set your compass for the distance that represents the tor¬ 
pedo speed. (Use the same scale you used for target speed.) 
Put the point of your compass at G, and draw an arc that 
erosses the line of sight (at K ). Finally, draw the line GK. 
(Now that the triangle is finished, we know that our own 
ship is actually at K , not at the point shown in the drawing.) 
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The triangle you ha ve drawn gives you the answer to your 
problem—the Basic sight angle. You can measure it by 
putting your protractor on the drawing. If you fire a tor¬ 
pedo at the sight angle you measured, and at the speed you 
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used in the triangle, yoiril score a hit. That is, you’11 score 
a hit provided that certain things are true: 

1. The target does not change its course or speed during 
the torpedo run. 

2. The torpedo gyro is balanced for the latitude in vvhich 
you fire it. 

3. You have made your drawing, and all your measure- 
ments, with extreme accuracy. 

4. That you have finished your drawing in zero time. 

The fourth condition of course makes the whole thing im- 
possible. It explains why we don’t use this system when we 
actually fire a torpedo at an enemy ship. You can see that 
the target will be moving all the time you’re drawing. 
Before you’ve finished, the target angle will have changed 
enough to make your answer wrong. So, instead of drawing 
the triangle, you’11 feed your data into a computing machine. 
And the machine will give you the right answer, instantly 
and accurately. 

Part B of figure 7-2 is another version of the fire control 
triangle, based on distances. To draw this one, you first lay 
out the line of sight, in the proper direction. But this time, 
you’11 call it the firing range. And you’11 draw it to scale. 
(You can use any convenient scale; for example, 500 yards 
to the inch. The range is a known quantity. It will be 
supplied bv the ship’s rangefinder or its radar.) 

Now lay out a line to represent the target course, measur- 
ing the angle from north with your protractor. Lay out 
another line to represent the torpedo course, using the basic 
sight angle you found in the speed triangle. The torpedo 
course and target course will meet at G\ the point of inter- 
cept. Now, if you measure the parts of the triangle with 
your ruler, you’11 find that W 'G' is the distance the target 
will run before the torpedo strikes it. Line K'G' is the dis¬ 
tance the torpedo will run before it strikes the target. 
(Both lines are drawn to the same scale you used to lay out 
the ranges.) 

Part B of figure 7-2 illustrates three other fire control 
terms that you’11 meet later on. Own ship course is 
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measured in degrees, clockwise, from nortli to own ship’s 
bow. Relative target bearing is measured in degrees, 
clockwise, from own ship’s bow to the line of sight. And 
track angle is measured in degrees, clockwise, from the 
target ship’s bow to the torpedo track. 

Track angle has a lot to do with your chances of getting 
a hit. The ideal track angle is 90° or 270°. The enemy 
ship is then broadside to the torpedo at the point of impact. 
The target is as wide as the ship is long. The worst track 
angle is 0° or 180°. The torpedo must then hit the target 
ship from dead ahead or dead astern. If the torpedo track 
is off by just a few feet, the torpedo will miss the target. 

Whenever it’s possible, firing ships try to maneuver into 
a position that will produce a favorable track angle. The 
sight angle is then determined for that position. But some- 
times the captain will ha ve no choice of track angle. There 
may be no time for maneuvering, or it may be dangerous to 
maneuver into another position. The captain must then 
use the sight angle that comes up in the solution, regardless 
of whether the track angle is favorable. 

In general, it makes no difference how large or how small 
the sight angle is. By combining tube train and gyro angle, 
you can make the torpedo travel at almost any angle away 
from the line of sight. 

Correcting the Triangle 

As we told you, the basic sight angle will produce a hit 
provided the target ship doesn’t change its course or speed, 
and provided the gyro is balanced for the latitude in which 
it is fired. Usually, you’11 have to make an allowance for 
both of these factors. You’11 have to change the basic 
sight angle to produce the corrected sight angle ( Dsk ). 

In Volume 1 you learned that the rotation of the earth 
will make the gyro creep. We can correet the creep of the 
gyro by setting its balance nut. And the exact setting of 
the balance nut depends on the latitude. But a ship may be 
changing latitude rapidly. It isn’t practical to pull the 
torpedoes out of their tubes every few hours to change the 
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balance nut set tings. Wlien you’re ready to fire the torpedo, 
you’11 probably find that the setting of the balance nut is not 
quite right. To allow for creep, you’11 have to make aslight 
change in the sight angle. We call this change latitude 
CORRECTION (Kla). 

Beforeyour torpedo can reach him, the enemy will probably 
change his course or speed, or both, to keep from being liit. 
Your captain will use his training and experience to figure 
out what the enemy is most likely to do. He will then order 
another correction to the sight angle, to take care of the 
probable maneuvering of the target ship. We call this new 
correction intercept offset (Osi). 

Figure 7-3 sliows how you get the corrected sight angle by 
adding the latitude correction (Kla) and the intercept offset 
(Osi) to the basic sight angle (Ds). (Notice that in this 
figure the triangle has been turned around. But don’t let 
that confuse you; you should leam to recognize the triangle 
of torpedo fire from any angle.) 

In figure 7-3, own ship gets a line of sight to the target 



Figure 7-3.—Adding latitude correction ond intercept offset to get corrected 

sight angle. 


Digitized by LjOOQle 



when the target is at point (1). The basic solution to the 
problem gives the basic sight angle Ds. The torpedo should 
strike the target at point (2). But this is true only if the 
gyro is properly balanced. If it isn’t, the torpedo will creep 
to the right and miss the target. (We mean that it will 
creep to its own right; that*s to your left in the diagram.) 
To allow for creep, you add the latitude correetion Kla , and 
aim the torpedo toward point (3). The torpedo will stili 
creep to the right, but youVe allowed for this bv aiming it 
to the left of the point of intercept. The latitude correction 
will cancel the creep. Youfll get a hit if the target doesnT 
change course. 

But let’s say that the target ship changes its course to 
starboard, and moves toward point (4). If your captain 
foresees this, he will estimate the intercept offset (Osi), which 
you will add to the basic sight angle and the latitude correc¬ 
tion. You’11 fire the torpedo at the corrected sight angle 
Dsk , and it will strike the target at point (4). 

There are many possible variations of corrected sight 
angle. For example, if the gyro is correctly balanced for 
your latitude, the latitude correction is zero. If the captain 
thinks the target will hold its course and speed, then the 
intercept offset will be zero. Sometimes the latitude 
correction and the intercept offset will just cancel each other, 
so that the corrected sight angle is the same as the basic sight 
angle. Sometimes you will ha ve to subtract the latitude 
correction, instead of adding it. 

Figure 7-4 illustrates two more fire control terms that 
you’11 meet later on. They are target deflection (Xt), 
and torpedo deflection (A7o). Target deflection is the 
component of target speed that carries the target in a direc- 
tion at right angles to the line of sight. Torpedo deflection 
is the component of torpedo speed that carries the torpedo 
in a direction at right angles to the line of sight. Here is the 
important point to remember: If the torpedo is to strike the 
target, the two deflections must be equal. Figure 7-5 shows 
that the torpedo will miss the target if the two deflections 
are unequal. 
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Up to now, weVe assumed that you will be firing a single 
torpedo, in a straight line. In actual practice that will 
seldom happen. Methods of torpedo firing vary with the 
different classes of ships that fire them, and with the 
different kinds of installations on the same class of ship. 

A destroyer will usually be seen by the target ship in the 
early part of the attack. For that reason, a destroyer must 
usually fire its torpedoes at fairly long range. That gives 
the target plenty of time to maneuver, to keep from being 
hit. To increase tlie chances of hitting the target, destroyers 
usually fire their torpedoes on the shotgun principle—in 
salvos. The torpedoes are fired in rapid succession, with 
eacli torpedo on a slightly different course. The torpedoes 
fan out to produce a “spread.” 

A division of destroyers in battle usually fires its torpedoes 
as a unit. Each ship fires a spread. These spreads combine 
to cover a wide area, and make hits almost certain. 

Submarines use somewhat different tactics. Since it can 
usually get fairly close to its target without being seen, a 
submarine usually fires its torpedoes on the “rifle” principle, 
with each one intendcd to hit. Even so, a submarine will 
often fire a salvo with spread. For example, it may fire a 
spread of three torpedoes, one intended to hit the target 
amidships, one near the bow, and one near the stern. If the 
fire control calculat ion is exactly right, the enemy will be 
hit by three torpedoes at once. And even if the calculations 
are a little off, at least one of the three torpedoes is likely to 
hit. 

We will take up submarine fire control later in the chapter. 
In tliis section, we’11 discuss the various firing methods used 
on destroyers. 

The actual firing method used on any ship depends on the 
type of torpedo tubes it carries. And each ship may change 
its firing methods to fit the situation. Ships with a movable 
tube mount will usually use one of two firing methods: 

(1) STRAIGHT FIRE WITH SPREAD GYRO ANGLES, OT (2) CURVED 

fire with spread gyro angles. Figure 7-6 illustrates both 
these methods. 
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Part A of figure 7-6 shows straight fire with spread gyro 
angles, from a quintuple mount. The heavy center line is the 
basic torpedo course, Bto. It*s parallel to the tube axis, and 
it’s exactly the same as the basic tube train, Btu. Both are 
measured clockwise from the ship’8 bow. The torpedo in the 
center tube is fired with zero gyro angle, and it will travel 
along the basic torpedo course. The other torpedoes are fired 
with enough gyro angle to make them spread out from the 
basic torpedo course. The track of each torpedo will be 
different from the track of the one next to it by the spread 
angle, Q. 

Part B of figure 7-6 shows curved fire with spread gyro 
angle. The heavy line, Bto , is the basic torpedo course. This 
is the track of the center torpedo. But it’s no longer the 
same as the basic tube train. In this method, all five 



Figure 7-6.—Methods of torpedo fire from a movable tube mount. 
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torpedoes are fired with gyro angle settings. The setting for 
the center torpedo is the basic gyro angle, Bgy. Each of the 
other torpedoes is fired with a slightly different gyro angle, to 
produce the spread. 

Ships with fixed tubes often use two other firing methods: 
(1) the firiisg course method, and (2) curved fire ahead. 
(A ship with a movable tube may use these methods by 
training the tube at a safe launching angle and clamping it 
in position.) 

In the firing course method, the center torpedo is fired 
with zero gyro angle. The problem is solved to find the 
correct torpedo course. And then the ship is conned to aim 
the tube along that course. The spread may be produced in 
either of two ways: (1) by setting gyro angles in all except 



I 

I 

Fisure 7-7.—Curved Mre ahead with spread. 
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tlie center torpedo, or (2) by swinging the ship as the torpe- 
does are fired. 

ligure 7-7 shows curved fire ahead with spread. As you 
can see, it’s somewhat similar to the curved fire method 
shown in part B of figure 7-6. But remember that in this 
method the tube is either fixed, or clamped firmly in place. 
And the gyro setting of the center torpedo is made so that 
the torpedo track will be along our own ship’8 course 
at the instant of firing. Gyro settings of the other torpedoes 
differ from that of the center torpedo by enough to produce 
the spread. The problem is solved to find the correct torpedo 
course, and the ship is then conned onto that course at the 
instant of firing. The actual tube train angle and gyro 
settings may be specified in fleet orders. 

A variation of this method is curved fire astern. In 
this method the combination of tube train and gyro setting 
will aim the center torpedo directly astern of the firing ship 
at the instant of firing. 

DEFINITIONS OF TORPEDO CONTROL TERMS 

As we told you, a complete understanding of torpedo fire 
control requires that you know a number of fire control terms, 
and their definitions and symbols. WeTl list them here, so 
you will have them handy for reference when you need them. 
(There are a few terms that apply especially to the submarine 
fire control problem. We will list them later in the chapter.) 


Symbol 

Term 

Definitiori 

(None) _ _ 

FIRING POINT_ 

_ _ The point where the torpedo begins 
its run. Broadly, it’s the posi- 
tion of own ship at the instant of 
firing. 

LOS_ 

LINE OF SIGHT_ 

__ A straight line from the axis on 
which the torpedo director ro- 
tates to the point of aim on the 
target. 

(None)_ 

POINT OF AIM_ 

__ The point on the target that you 
intend to hit with the torpedo. 
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Symbol 
(None)_ 


Bt 


B 


Bgy 


Br 


Bto 


Definitiori 

The path of the torpedo through the 
water. When you fire a torpedo 
with zero gyro angle, its path will 
be a straight line. When you 
fire with gyro angle, the path will 
be made up of two straight lines 
with an arc between them. 
After it’s fired from the tube, the 
torpedo will travel for a short 
distance in a straight line. This 
distance is called the reach. 
At the end of the reach, the tor¬ 
pedo will begin to turn through 
the angle you’ve set on its gyro. 
While it’s turning, its path is an 
arc of a circle. After it has 
turned through the gyro angle, 
it will again travel in a straight 
line. This final straight line is 
called the final track of the 
torpedo. 

target angle _ The angle between the fore and aft 

axis of the target and the line of 
sight. It’s measured clockwise 
from the target’s bow. 

true target bear- The angle between the north- 


ixg. south line and the line of sight. 

It’s measured clockwdse from 
north. 

gyro angle _ The angle between the axis of the 


torpedo tube and the final track 
of the torpedo. It’s measured 
clockwise from the torpedo tube. 

The angle between the fore-and-aft 
axis of own ship and the line of 
sight. It’s measured clockwise 
from ship’s bow. 

torpedo course _ (A more accurate term for this 

would be relative torpedo 
course.) The angle betw een the 
fore and aft axis of own ship and 
the final track of the torpedo. 
It’s measured clockwise from 
o wn ship’s bow. 


RELATIVE TARGET 
BEARIXG. 


Term 

TORPEDO TRACK_ 
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Symbol 
Btr _ 


Tertn 

TRACK ANGLE 


l)efinit ion 

The angle between the fore-and-aft 
axis of the target and the final 
track of the torpedo. It’s 
measured clockwise from the 
bow of the target. 

Btu _ Basic tube tkain. _ The angle between the fore-and-aft 

axis of own ship and the axis of 
the torpedo tube mount. It’s 
measured clockwise from own 
ship’s bow. 

Co _ own ship course__ The angle between the north-south 

line and the fore-and-aft axis of 
own ship, measured clockwise 
from north to own ship’s bow. 

Ct _ target course _ The angle between the north-south 

line and the fore-and-aft axis of 
the target ship. It’s measured 
clockwise from north to the 
target ship’s bow. 

Ds _ Basic sight angle. The angle from the line of sight to 

the final track of the torpedo, 
measured clockwise from the line 
of sight. 


Dsk _ correcte i) sight The basic sight angle with latitude 

angle. correction and intercept-offset 

correction applied. 

H _ target run _ The distance the target travels 

during the time of torpedo run. 

Kla _ latitude correc- A slight correction to the sight 


tion. angle, to compensate for the 

creep of the torpedo gyro. The 
size of the correction depends on 
the latitude, the time of the 
torpedo run, and the balance nui 
setting on the torpedo gyro. If 
the gyro is balanced for the 
latitude in which the torpedo is 
fired, the correction is zero. 

Osi _ intercept offset. _ A change in the sight angle to allow 

for an expected change in target 
course or target speed during the 
torpedo run. 












Symbol 

Term 

Definitiori 

Q- .- 

SPREAD ANGLE_ 

The angle between the final tracks 
of any two adjacent torpedoes 
fired in salvo from the same tube 
mount. 

R _ 

RANGE_ 

The distance, in yards, from own 
ship to target at any instant. 

So_ 

OWN SHIP SPEED_ 

Speed of own ship in knots. 

St _ 

TARGET SPEED _ 

Speed of the target, in knots. 

Sto _ 

TORPEDO SPEED_ 

The average speed of the torpedo, 
in knots, from the instant of 
firing to the time it strikes the 
target. 

Ta _ 

TIME OF TORPEDO 

RUN. 

The time between the instant of 
firing and the instant the torpedo 
crosses the target track (when 
torpedo-speed correction is zero). 

Tt _ 

TIME OF TARGET 

RUN. 

The time between the instant of 
firing and the instant the target 
crosses the torpedo track. 

U .. 

TORPEDO RUN_ 

The actual distance, in yards, that 
the torpedo travels, from the end 
of the tube to the point where it 
crosses the target track. 

Xt _ 

TARGET DEFLECTION. 

The component of target speed at 
right angles to the line of sight. 

Xto _ 

TORPEDO DE FLE C- 

TION. 

The component of torpedo speed at 
right angles to the line of sight. 


TORPEDO DIRECTOR 

As we showed you, you can solve the torpedo fire control 
problem by drawing the triangle of torpedo fire, and 
measuring the sight angle with a protractor. If you*re good 
at trigonometry, you can get a more accurate sight angle by 
pencil and paper calculation. But of course both of these 
methods are much too slow. To solve the torpedo problem, 
we use a mechanical computer. On a surface ship, this com¬ 
puter is the TORPEDO DIRECTOR. 

The torpedo director solves the triangle of torpedo fire, 
and finds the correct sight angle. It then determines the 
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relative torpedo course. And it transmits electrical torpedo 
course orders and gyro angle orders to the torpedo course 
indicator at the tube mount. 

Director installations vary somewhat on different types of 
destroyers. Some destroyers have two directors mounted in 
the wings of the bridge—one on each side. Others may have 
a single director, mounted on the ship’s centerline abaft the 
number two stack. 

The directors now in use in the Fleet are various modifica- 
tions of the Mk 27. Figure 7-8 shows a front right view of 
the Torpedo Director Mk 27 Mod 5. Its principal assemblies 
are labeled in the figure; they are the stand, the case, the 
telescope, and the target bearing receiver. 

The bottom flange of the stand is bolted to the deck, or 
to a raised director mount platform. The case turns on ball 
bearings at the top of the stand. A training circle is secured 
to the top of the stand. It meshes with a worm driven by 
the training handwheel attached to the case. (Mechanical 
stops limit the rotation of the case to 390°.) Near the bot¬ 
tom of the stand are a transfer switch and a selector switch. 

The case forms a watertight housing for the computer, the 
transmitter, and the own ship’s course unit. 

On its right side, the stand carries the target bearing re¬ 
ceiver. The top of the stand serves as a mounting platform 
for the telescope. 

The front of the case is a cover secured by acorn nuts. 
Through the glass-covered openings in the front cover you 
can read the torpedo course and gyro angle dials for the tube 
mount, the own ship and target main dial groups “A” and 
“B” (shown in figs. 7-9 and 7-10), the torpedo and target 
speed dials, and the sight angle, tube offset, intercept offset, 
and latitude correction dials. On the front of the case are 
hand cranks for target course, tube offset, intercept offset, 
target speed, and torpedo speed, and a knob for the latitude 
correction. 

The training handwheel, whieh you can see below the 
front cover at the right-hand end, is connected b}^ a sliaft to 
the training worm. On the right side of the case ^fig- 7-8) 
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Fisure 7-8.—Fronl righl view of Torpedo Director Mk 27 Mod 5. 


aro glass-covered openings for own ship’s course dials and 
zero reader dials. This sido also carries the hand cranks for 
sight angle and own ship^ course. 

On the left side of the case is the gyro angle hand crank. 
The back of the case is a large blank cover, secured by acorn 
nuts. 

The telescope pivot, on the top of the case, supports the 
telescope and the firing key. The crossline illumination 
rheostat, on the top of the case, Controls the brightness of the 
light that illuminatos the cross hairs in the telescope. There 
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Fisure 7-9.—Front left view of Torpedo Director Mk 27 Mod 5. 


are seven light wells—two on the top, two on the bottom, 
and three on the left side of the case—to provide illumination 
for the dials. 

The telescope, a 6 power monocular type, is bolted to the 
telescope pivot. The pivot is connected, through gears, to 
the computer mechanism inside the director case. Inside the 
telescope is a mirror that you can move by turning a knob 
on the left side. This mirror makes it possible to keep the 
scope “on target” even when the ship is rolling and pitching. 
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The telescope has four color filters, controlled by a knob 
(fig. 7-8). By cutting down the glare, these filters sometimes 
make the target easier to see. 

Torpedo Director Inputs 

Before the director can solve the torpedo problem, you 
have to give it the necessary information. Some of this 
information you put in electrically, the rest by hand. The 
Mk 27 director has two electrical inputs and 10 hand inputs. 
One of the electrical inputs is own ship’s course ( Co ). It’s 
provided by the ship’s gyro compass system. The other is 
relative target bearing (Br ). This is received from the 
ship’s target designation or fire control system. 

You make the hand inputs to the Mk 27 director through 
8 handcranks, one knob, and a training handwheel. You can 
find all of these parts in figures 7-8 and 7-9. 

Own ship’s course (Co) can be introduced by a hand- 
crank on the right side of the director case. You use the 
handcrank wlien there is a failure in the electric system that 
brings this information from the gyro compass. 

Sight angle ( Ds ) can be introduced by hand when there 
is a power failure in the sight angle servo motor. The 
handcrank is on the right side of the case. 

Target speed (St), torpedo speed (Sto), intercept 
OFFSET (Osi), TUBE OFFSET (Otu), and TARGET COURSE (Ct), 
are introduced by handcranks on the front of the director. 
These are alwavs hand inputs. 

Relative target bearing ( Br), is introduced manually 
by turning the director train handwheel until the follow-the- 
pointer dials of the bearing receiver are matched, or until the 
telescope is “on target.” 

Latitude correction (Kla) is introduced manually by 
turning the knurled knob on the front of the case. One 
click equals 10' of latitude correction. 

Torpedo course (relative) (Bto) is produced in the 
director by turning the training handwheel. 

Gyro angle (Bgy) is introduced by turning the handwheel 
on the left side of the director case. 
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Torpedo Director Outputs 

The torpedo director has two electrical outputs. They 
are torpedo course order (Bto) and gyro angle ( Bgy ). It 
sends these two outputs automatically to the torpedo course 
indicator at the tube mount. 

You can get more information, such as corrected sight 
angle ( Dsk ) and track angle (Btr) by reading the directori 
dials. The dials show not only the outputs, but also present 
a record of all the information youVe put into the director. 

There are two main dial groups. These are the own ship 
dials, called group A, and the target ship dials, called group 
B. Figure 7-10 shows these two dial groups. 

Each of these groups is made up of three concentric dials. 
The smallest dials, in the center of each group, have a pointer 
but no graduations. The two outer dials in each group are 
graduated in units of 10°. (Thus the number 9 represents 
90°; 33 represents 330°, and so on.) The outer dial in each 
group rotates as our own ship changes course. The zero 
graduations of the outer dials always indicate true north. 

By studying the two dial groups, you can visualize the 
triangle of torpedo fire. The bow and stern of own ship and 
target ship are represented by dotted lines on the dials. In 
figure 7-10, weVe drawn dotted lines to show the fire control 
triangle. A line that joins the centers of the two dial groups 
represents the line of sight. The bow of the target ship (on 
the middle dial of the B group) points along the target track. 
The pointer on the inner dial of the A group points along the 
torpedo track. 

In the group A dials, you can read the true target bearing 
(B) on the outer dial, against the fixed pointer on the case 
above the dial. In figure 7-10, B is 296°. You can read own 
ship’s course (Cio) on the outer dial, against the bow outline 
(zero on the middle dial). In figure 7-10, Co is 234°. The 
relative target bearing ( Br) appears on the middle dial 
against the fixed pointer; it’s 062° in figure 7-10. The 
pointer on the center dial shows the torpedo track. You can 
read the true torpedo course ( Cto ) on the outer dial against 
this pointer. It’s 267° in the illustration. 
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In the group B dials, you read the target course ( Ct ) on the 
outer dial, against the bow outline (zero on the middle dial). 
In figure 7-10 it’s 190°. You read the target angle ( Bt ) on 
the middle dial, against the fixed pointer below the dial. It’s 
284° in figure 7-10. Read the track angle ( Btr) on the 
middle dial, against the pointer on the inner dial. It’s 256° 
in the diagram. 

Figure 7-11 shows the three dials behind the left-hand 
window of the director case. (Compare this diagram with 
figure 7-9.) 

The upper dial (N) is the tube offset dial. Directly above 
it, on the director case, is the tube offset handcrank. Tube 
offset was used to fire combined spreads from two movable 
tube mounts. One tube was pointed to the right of the 
basic torpedo course, and the other to the left of it, to produce 
a spread between the mounts. The angle between either 
tube axis and the basic torpedo course was called the tube 
offset. Since modern destroyers carry only one tube mount, 
you won’t use this dial. Leave it set on zero. 

When the tube offset dial is set at zero, the other two dials 
(L and M) will always show the same reading. You can 
read either of them. It will show the basic toipedo course, 
the basic tube train, and the basic gyro angle orders. Each 
of the two groups (L and M) is made up of three concentric 
dials. The inner dial is fixed; it has only a pointer, and the 
words “Gyro Angle.” 

The outer dial is graduated in units of 10°, and the middle 
dial in units of 20°. You read the basic torpedo course 
(Bto) on the outer dial, against the fixed pointer. It’s 30° 
in figure 7-11. Read the basic tube train (Btu) on the outer 
dial, against the pointer on the middle dial. {Btu is 60° in 
figure 7-11.) Read the gyro angle on the middle dial, 
against the pointer on the inner dial. In the figure it’s 330°. 
In this problem, the gyro setting of 330° will make the 
torpedoes turn through an angle of 30° to the left of the tube 
axis, and straighten out on a course of 30°. 

Figure 7-12 shows ali the dials on the front of the director 
case. Dial C shows the target speed {St). Read it against 
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Figure 7-12.—Complete dial system on the front of the director. 


the fixed pointer above the dial. In figure 7-12, it’s set for a 
target speed of 20 knots. The D dial shows the torpedo 
speed (Sto). Read it against the pointer. It shows a 
torpedo speed of 34 knots in figure 7-12. 

Group E consists of two concentric dials. The outer dial 
shows latitude correction (Kla ), and the inner dial shows the 
intercept offset (Osi). You set the latitude correction by 
turning the latitude knob (fig. 7-8). Six clicks of the knob 
make a correction of 1°. In figure 7-12, the dial shows a 
latitude correction of 1° north. You introduce the intercept 
offset into the director by turning the intercept offset hand- 
crank (fig. 7-8). Turn the handcrank until the proper offset 
appears opposite the index mark on the latitude correction 
dial. In figure 7-12, the dial shows an intercept offset of 5°. 

Group F also includes two dials. The inner dial is for 
basic sight angle ( Ds ), and the outer for corrected sight angle 
(Dsk). Read both dials against the fixed pointer. In figure 
7-12, Ds is 324°. And Dsk (which is Ds with Kla and Osi 
added) is 330°. Since the corrected sight angle is 330° in 
this problem, the mean torpedo track will be 30° to the left 
of the line of sight. 
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Figure 7-13 represents dials G, H, J, and K. (Figure 7-8 
shows their position on the right side of the case.) You use 
these four dials when the power fails and you have to operate 
the director manually. G and H are single dials. When 
you read them together they show own ship’s course (Co), as 
you put it into the director by the own ship’s course hand- 
crank. In figure 7-13, Co is 234°. 



Figure 7-13.—Dials G, H, J, and K on ihe right side of ihe director. 




J and K are zero reader dials, to show you when the sight 
angle is “on.” In either automatic or manual operation, the 
director has the correct sight angle when the two bugs point 
directly at each other (as in fig. 7-13). In automatic opera¬ 
tion, these dials serve as a check, to show you that the 
director has the right answer. When you’re introducing 
the sight angle by hand, ali you have to do is turn the sight 
angle handcrank until the two pointers match. 

Figure 7-14 shows the relative target bearing dials. They 
are located in the bearing receiver on the right of the director 
case. There are two groups of two concentric dials each. 
You position the outer dials mechanically when you turn the 
training handwheel. The outer dial of the upper group is 
graduated in units of 5°, and numbered in units of 10°. The 
outer dial of the lower group is graduated in units of 10', 
and numbered in degrees. 

Both of the inner dials are positioned electrically by the 
ship^ target designation or fire control system. Each inner 
dial has an index mark, and is marked with 10' graduations 
on each side of the index. When the index mark matches 
the zero mark on both sets of dials, you read both sets at the 
fixed mark between the dials. In figure 7-14, Br is 063°. 

SETTING UP THE DIRECTOR 

Once you know how to set and read the dials, the actual 
operation of the torpedo director is easy. 

Before Sighting the Target 

Here is the procedure you follow to put the director in 
operating condition before you sight the target. The pro¬ 
cedure varies a little from one ship to another, but in general 
you will follow these steps: 

1. Take off the canvas tarpaulin. 

2. Set the own ship’s course and sight angle handcranks 
in the “out” position. (You use the “in” position only 
when you have to make manual inputs because of a 
power failure.) 
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Figure 7-14.—Relative tarset bearing dials. 
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3. Turn the director switch clockwise to “on.” (You 
turn it counterclockwise for manual operation.) 

4. At night, turn the illumination switch to “Trans- 
former. ,, 

' 5. If your ship has two directors, find out which one will 
be used. Turn the bridge transfer switch to “port” or 
“starboard” accordingly. 

6. Train the director on the forward danger bearing, on 
the side where you expect to pick up the target. (If 
the director is mounted centerline, train on 0°.) 

7. Introduce the refined latitude correction by turning 
the latitude correction dial. 

8. Match the intercept offset dial with the reading on the 
latitude correction dial. 

9. Crank in the torpedo speed setting. (And teli the tube 
mount crew what the speed setting is.) 

10. Set the target speed at 20 knots. (This is an average 
speed. When you find out the actual speed later on, 
the change will be small.) 

11. Set the target angle dial on zero. 

The director is now pre-set. When the target appears, you 
can begin accurate tracking almost immediately. 

After Sighting the Target 

1. Train the director scope on the target. (Or, if the 
target is picked up on radar, match the pointers on the 
bearing receiver.) 

2. When the information is available, introduce the target 
course and target speed. 

3. Crank in the gyro angle when ordered by the torpedo 
officer. 

4. Introduce intercept offset, if ordered. 

5. Watch for the “tube ready” light, and fire when ordered 
by the torpedo officer. 

As long as you keep the telescope on target, or keep 
the bearing receiver dials matched, the director will contin- 
uously and automatically solve for sight angle. (If the 
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target changes course or speed, you’ll have to crank these 
changes into the director.) 

TORPEDO COURSE INDICATOR 

As we told you, the director sends its solution electrically 
to the tube mount. The instrumeut that receives this solu¬ 
tion is the torpedo course indicator. Figure 7-15 shows 
what it looks like. Its main working parts are shafts, differ- 
ential assemblies, motors, and dials. The shaft and sleeve 
that extend downward from the bottom of the indicator go to 
the torpedo course attachment on the tube mount. This 
attachment connects the indicator to the indicator training 
rack on the tube stand. The electrical lead that you can see 
at the bottom of the indicator (fig. 7-15) comes from the 
torpedo director. 



Figure 7-15.—Torpedo course indicator. 


On the face of the indicator are three groups of two dials 
each, and one single dial. On the left side are the torpedo 
course dial groups, each consisting of two dials. (See 
fig. 7-16.) 
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The two inner dials are zero readers, marked only with an 
index pointer. The outer dial of the lower group is the coarse 
dial. It’s graduated in steps of 10°. The outer dial of the 
upper group is the fine dial. It’s graduated in units of 10', 
tkrough a total of 10°. When the zero pointers are matched, 



you can read both dials against the fixed index marks between 
the dials. Read the lower dial first, to get an approximate 
reading. Then read the upper dial, to get the exact reading 
to the nearest minute. In figure 7-16, the dials read 034° 50'. 
The dotted line in the drawing represents the outline of the 
window through which you read the dials. Only the part 
inside the dotted line will be visible. 

The gyro angle dials (fig. 7-17) are on the right side of the 
case. The outer dial is graduated in steps of 1°, and num- 
bered in steps of 10°. When the zero pointers match, you can 
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read the dial against the fixed index at the bottom. Again, 
the dotted line represents the outline of the window. 

The single dial at the bottom of the indicator case shows 
the angle of tube train. It’s graduated in steps of 1°. 



Figure 7-17—Gyro angle dials of the torpedo course indicator. 


The indicator receives four inputs—two electrical and two 
mechanical. The electrical inputs, which come from the 
director, are torpedo course order and gyro angle order. 
These inputs are shown by the pointers or bugs on the inner 
dials of the torpedo course and gyro angle groups. But you 
can’t read the dials until you make the pointers match by 
putting in the proper mechanical inputs. And you make 
the mechanical inputs by training the tube mount and intro- 
ducing gyro angle to the torpedoes. 

When the pointers on the torpedo course indicator are 
matched, the torpedoes will go the point of intercept calcu- 
lated by the director. 

At the director station, and at the tube mount, are panels 
containing the ready lights and firing lights. Figure 7-18 
shows the panels for a quintuple mount. 

When the director operator is ready to fire, the talker 
turns the selector switch for the tube to be fired. The 
director operator closes the firing key on command of the 
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CONTROL FIRING PANEL 



TUBE REAOY HGHTS 
Fisure 7-18.—Quintuple mount firing panels. 
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torpedo control officer. At the same instant, the gyro angle 
setter at the tube mount fires the tube by percussion. This 
insures that the tube will fire, even if the electrical circuit 
fails. You repeat this procedure to fire each of the other 
tubes. 

It’s Standard practice to fire the tubes from stern to bow. 
(For example, if the tube mount is trained to port, the firing 
order would be left, left center, center, right center, and right. 
When the mount is trained to starboard, the firing order is 
reversed.) If you follow this procedure, there’s no chance 
that a torpedo will drop on the one fired before it—even if 
the firing rate is very fast. 

TUBE SIGHTS 

If the torpedo director breaks down, or becomes a battle 
casualty, you can stili solve the fire control problem by using 
the tube sight. The tube sight is a little less accurate than 
the director. But it will give good results if you understand 
it thoroughly, and operate it carefully. The tube sight is 
bolted to the upper part of the training column, in front of 
the tube trainer. The center line of the sight is parallel to 
the center line of the tube. 

Figure 7-19 shows the AW Tube Sight Mk 5-1. This 
sight is entirely mechanical; it has no electrical inputs or 
outputs. By moving the bars and drums, you can set in the 
same information you put into the director. As we describe 
the sight, identify each part in figure 7-19. 

The stand supports all the other parts, either directly or 
indirectly. An index piate and a range piate are mounted 
on the side of the stand that faces the operator. 

The gyro angle drum turns on the top of the stand. It’s 
graduated in 1° steps from 0° to 90°, and from 270° to 360°. 
There is a handwheel on the right side of the stand, by which 
you can clamp the drum in place. You read the angle at 
which the drum is trained, relative to the tube mount, at 
the Central index mark of the index piate. 

Mounted above the gyro angle drum, and turning on the 
same center, is the sight angle drum. You can lock it in 
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bearing at the common center of the gyro angle and sight 
angle drums. The target speed scale is graduated in 1-knot 
steps, and numbered at 2-knot intervals from zero at the 
center to 43 knots at the outer end. On the opposite end 
of the bar is the track angle pointer. This pointer shows 
the track angle, on the scale at the top of the sight angle 
drum. The scale is graduated at 5° intervals, and num¬ 
bered at 10° intervals. By turning a lock nut screw on the 
pointer end of the bar, you can lock the track angle value 
at zero. 

The TARGET ANGLE DIAL and the TARGET MODEL slide 
together in a T slot in the target bar. There is an index on 
the target model, against which you can read the set value 
of target speed. You can set the target speed at intervals 
of 1 knot; a spring-loaded detent holds it in place. You read 
the target angle on the top of the target angle dial, at the 
pointer that turns with the range rod. 

The front sight is mounted on the range rod. 

The range rod is fastened to the rear sight. It keeps the 
front and rear sights in line, and actuates the target angle 
pointer on the target angle dial. You can read the range 
scale on the range rod, at the index just below the front 
clamp. 

To use the instrument as a simple open sight (when the 
director is working normally), follow these steps: 

1. Tighten the clamping handwheel, to lock the gyro 
angle drum at zero. 

2. Lock the track angle at zero by turning the lock nut 
screw. 

3. Release the sight angle drum by pushing inward on 
the stop spindle and turning it a quarter turn. 

4. Set the sight angle (as received from the director) by 
matching the index on the sight angle drum with the 
scale on the gyro angle drum. 

5. Train the tube mount until the target is lined up in 
the front and rear sights. 

6. Fire when ready. 
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To use the instrument as a simple director, follow these 
steps: 

1. Set the gyro angle drum on zero. 

2. Unlock the target arm. 

3. Set the torpedo speed by sliding the torpedo bar until 
the correct speed is opposite the index mark on the 
sight angle drum. 

4. Set the target speed by sliding the target angle dial 
assembly until the desired speed graduation on the 
target bar is opposite the index on the target model. 

5. Set the target angle by turning the target bar until the 
target model is parallel to the actual target. 

6. Train the torpedo tube until the front and rear sights 
are in line with the target. 

7. Check to make sure the bar, the target model, and the 
actual target are parallel. If they are not parallel, 
adjust the sight angle and target angle until they are. 

8. Read the graduation on the range rod, and interpret. 
it by using the range piate. If the range does not 
exceed the value you read on the piate, the torpedo 
will reach the target. 

9. Read the track angle. If it is unfavorable, own ship 
should be maneuvered, if possible,.to change it. 

When the solution of a problem ealls for a sight angle 
that you can’t set up because of the training limits of the 
tube mount, you’11 have to make gyro angle settings in the 
torpedoes. With the tube trained to or near its danger 
bearing, unclamp the gyro angle drum and turn the upper 
part of the instrument until the sight leads the target by a 
small angle. Reclamp the drum, and read the gyro angle. 
Set this angle on the torpedoes. Novv train the tube until 
the sights are “on target." Then set up the problem on 
the sight. 

When you fire two or more torpedoes in a spread, introduce 
the spread angle into the torpedoes. Keep the sight “on 
target" while you fire. 
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TORPEDO CONTROL WITH FIXED AW TUBES 

You won/t use the director or the tube sight on destroyers 
with fixed torpedo tubes. The fire control problem on these 
ships is handled by the underwater battery plot (UB plot). 
The Torpedomen will have no part in solving the problem. 
We won’t describe this system here. When you need more 
information on this kind of torpedo fire control, you can get 
it from your torpedo ofhcer. 

SUBMARINE TORPEDO CONTROL 

In torpedo fire control on the surface, sight angle is the 
answer to the problem. Tube train and gyro angle combine 
to produce the correct sight angle. But when you fire a 
torpedo from a submarine, the fire control problem is con- 
siderably different. You can’t train a submerged torpedo 
tube; it’s fixed immovably in the hull of the boat. In sub- 
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Fisure 7-20.—Own course and gyro angle determine the torpedo course. 
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marine torpedo control, the answer to our problem is not 
sight angle, but gyro angle. The course that the torpedo 
will follow depends on only two things: own ship’8 course, 
and the angle set on the torpedo gyro. 

Figure 7-20 illustrates this point. In part A of the figure, 
you have a submarine heading true north. It fires a torpedo, 
from a bow tube, with a zero gyro angle. The torpedo’s 
course will be 000°. In part B, the boat’s course is 200°, and 
a bow shot is set for 30° right. The torpedo will take a course 
of 230°. In part C of the illustration, the boat’s course is 
135°. It fires a torpedo from a stern tube, with a gyro angle 
of 40° left (which is 140°, measured from the bow of the boat). 
The true course of the torpedo is 275°. In all three examples, 
own ship’s course plus the gyro angle equals the torpedo 
course. 



8 - TRUE TARGET BEARING 
Br-RELATIVE TARGET BEARING 
C - TARGET COURSE 
Co- OWN COURSE 
6- GYRO ANGLE 

Fi$ure 7-21.—Submorine torpedo controi symbols. 
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Submarine Fire Control Terms 

Most of the terms we use in submarine fire control are the 
same as those used in the surface problem. Here are a few 
terms that apply especially to the submarine torpedo con¬ 


trol problem. 


Symbol Term 

Ab _ ANGLE ON THE BO\V_ 


U _ TORPEDO RUN_ 

H _ TARGET RUN_ 

(None) DISTANCE TO TRACK_ 


L _ OFFSET ANGLE_ 

R _ RANGE_ 

Sz _ TORPEDO RUNNING 

SPEED. 

Ta _ TORPEDO RUNNING 

TIME. 


Definitiori 

The angle between the line of sight 
and the fore-and-aft axis of the 
target, measured from the tar- 
get’s bow (tig. 7-21). 

The distance in yards covered by 
the torpedo, from the tube to the 
target (fig. 7-22). 

The distance in yards covered by 
the target during the time of the 
torpedo run (fig. 7-22). 

The distance, in yards, from the 
submarine to the target track, 
measured along a line at right 
angles to the target track (fig. 
7-22). 

An arbitrary offset to the gyro 
angle, used to apply spread to a 
salvo of torpedoes. 

The distance, in yards, from the 
submarine periscope to the target 
(fig. 7-22). 

The uniform running speed of the 
torpedo at proof depth, in knots. 

The time, in seconds, of torpedo 
travel from tube to target. 


Torpedo Data Computer 

The submarine fire control problem is even more compli- 
cated tlian the surface problem. It would be impossible to 
solve it in a reasonable time without the help of a mechanical 
computer. The machine that solves the problem, and 
comes up with the gyro angle vve need to score a hit, is called 
the Torpedo Data Computer, or TDC. The torpedo data 
computers now in use on all fleet submarines are the Mk 4 
modifications (fig. 7-23). 
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Fisure 7-22.—Term* used in submarine torpedo control. 

You won’t have to operate the TDC, but we’ll teli you 
briefly what it’s like. As you can see in the picture, it’s 
made up of three sections. The middle section is the 
receiver. It receives ali the inputs. Two of these inputs 
are electrical. Own course comes from the boat’s gyro 
compass s 3 r stem, and own speed comes from the pitometer 
log. All the other inputs are manual. 

The right-hand section is the angle solver. It takes all 
the information that’s put into the receiver, fits this informa- 
tion into trigonometric equations, solves the equations, and 
produces the correct gyro angle. There are actually two 
separate angle solvers—one for the bow tubes and one for 
the stern tubes. The TDC transmits the correct gyro angle 
electrica 11 v to the two torpedo rooms. 

But the information we put into the receiver does not go 
directly to the angle solvers. It goes first to the left-hand 
side of the computer—the position keeper. On a destrover 
you can keep the director telescope trained on the target. 
But you can’t do that on a submarine. You make a quick 
observation through the periscope. And then }ou pull tlie 
periscope down, before the enemy has a chance to see it. 
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POSITION KEEPER RECEIVER ANGLE SOLVERS 

Figure 7-23.—Torpedo dato computer, Mk 4 type. 


While the periscope is down, you can make no observations. 
But before you’re ready to fire a torpedo, both the target 
ship and your own submarine may move a considerable 
distance. The problem will change entirely. 

From the information you put into the receiver, the 
position keeper constantly calculates the present position of 
own ship and the target ship. And it constantly changes 
the inputs to the angle solver. Thus the angle solver can 
produce a constantly changing, and always correct gyro 
angle. 
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Gyro Angle Indicator-Regulator 

In each of the two torpedo rooms, the instrument that 
receives the gyro angle from the TDC is the gyro angle 
indicator-regulator. If you're assigned to a submarine, 
operating the indicator-regulator may be your job. It's an 
easy job, but it requires careful attention. Figure 7-24 
shows what the indicator-regulator looks like. 

The indicator-regulator, through a system of shafts, sets 
the gyro angles on all the torpedoes in the nest. And it 
shows the gyro angle on its dials. In normal operation, the 
indicator-regulator works automatically, with an electric 
motor supplying the power. If the electric system fails, 
you can switch to manual operation. 

You can set the instrument for either automatic or manual 
operation by turning the shift lever (sometimes called the 
gear shift lever, or selector lever). It’s labeled in figure 
7-24. The left position of the lever is marked hand. The 



POWER MOTOR 


OUTPUT SHAFT 
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ACCESS COVER 


STOP MECHANiSM 
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LOW SPEED DIALS 


LIGHTWEU. 


HIGH SPEED DIALS 


STARTING SWITCH 
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BUTTONS 
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SELECTOR 
(SHIFT LEVER) 


Figure 7-24.—Gyro angle indicator-regulator. 
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Fisure 7-25.—Dials of the syro ansle indicator-regulator. 


right position is marked motor or auto, depending on the 
mark and mod of the instrument. 

Figure 7-25 shows the dials of the indicator-regulator. 
There are two groups, of two dials each. The inner dial of 
each group is marked with a pointer, or “bug.” The outer 
dial of the left-hand group is graduated in 5° units, and num- 
bered every 10°. The outer dial of the right-hand group is 
marked in units of 10', and numbered in units of 1°, through 
a total of 10°. You use the left-hand dial for a coarse, or 
approximate, reading of the gyro angle. The right-hand (or 
fine) dial gives you an exact reading. Read both dials 
against the fixed index marks between the dials. 

The two inner dials indicate the gyro angle sent down by. 
the TDC. Each time the TDC changes the angle, the inner 
dials will turn. When the zero marks on the outer dials 
match the pointers on the inner dials, the correct gyro angle 
has been set on all the torpedoes in the nest. 

For automatic operation of the indicator-regulator, you 
have only three things to do: 

1. Turn on the starting switch. 

2. Turn the selector to motor (or auto). 

3. Watch the dials to see that the inner bugs match the 
zero marks of the outer dials. 

If the power fails, and you have to operate the indicator- 
regulator by liand, follow these steps: 

1. Turn the starting switch to on. 
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2. Move the shift lever to the haxd position. 

3. Turn the handcranks until the.bugs are matched with 
the zero pointers. 

4. As new gyro orders come down from the TDC, the bugs 
will move. Turn the handcranks to keep the zero 
pointers matched with them. 

5. When the bugs and pointers are matched, and as long 
as they stay matched (or within 20' of each other), 
squeeze the trigger on the right handcrank. 

Submarine Salvo Fire 

As weVe told you, the indicator-regulator sets the gyro 
angle on all the torpedoes in the nest. At any given moment, 
ali the torpedoes will have the same gyro setting. Usually, 
when a submarine fires a salvo of torpedoes, each one will be 
fired with a different gyro angle. Because the target will be 
moving while you fire vour torpedoes, each torpedo must 
follow a different course in order to hit. This is true even if 
all the torpedoes are aimed at the same point on the target. 

Since the TDC solves the fire control problem continu- 
ously, each torpedo will have the proper gyro setting at the 
instant it’s fired. 

When a submarine lires a salvo with spread, the TDC will 
automatically add the spread angle to the gyro angle after 
each shot. If you’re operating the indicator-regulator by 
hand, you’11 have to pav very careful attention at this point. 
After each torpedo is fired, there will be a small but rapid 
change in the position of the bugs. Get the pointers matched 
again as quickly as possible. 

REFERENCES 

OP 983, Torpedo Director Mk 31. 

OP 1169, Gyro Setting Indicator Regulator Mk 1 Mods 
0, 1, 2, and 3. 

OP 1442, Torpedo Data Computer Mk 4 and Mods. 

OP 1586, Torpedo Fire Control Equipment (Destroyer 
Type); Torpedo Director Mk 27. 
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QUIZ 

1. What three lines make.up the triangle of torpedo fire? 

2. In torpedo fire control on a surface ship, which part of the triangle 
is the answer to the problem? 

3. Why will a torpedo miss the target if it’s fired along the line of 
sight? 

4. What is track angle? What are the most favorable track angles? 
The least favorable? Why? 

5. If vou have a choice, should you maneuver for a favorable track 
angle or a favorable sight angle? Why? 

6. When will the latitude correction be zero? 

7. What is the intercept offset correction? Who determines its size? 

8. What is a spread? 

9. What are the two usual firing methods for surface shipe with move- 
able tube mounts? 

10. Here are several torpedo control symbols: Bt y B, Bgy, Btr, Co, Ds. 
Each represents an angle thatfs measured clockwise, in degrees. 
Name the term each of these symbols stands for; teli what two 
lines form the angle, and what point it’s measured from. 

11. Why do we use a mechanical computer to solve the torpedo control 
problem? What do we call this computer on a surface ship? 
On a sub marine? 

12. Name the two electrical inputs to the Mk 27 director. 

13. What information must always be put into the director by hand7 

14. Name the two electrical outputs of the torpedo director. Where 
does it send these outputs? 

15. How do you introduce relative target bearing into the director: 
(a) by using the telescope? (b) when the target is picked up by 
radar? 

16. On a submarine, how do you know if the gyro angle that’s set on 
the torpedoes matches the output from the TDC? 
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DEPTH CHARGES 

The depth charge is an antisubmarinc weapon; it has no 
other use. Compared to a torpedo, it’s simple. It’s little 
more than a Container filled with high explosive, plus a device 
to make it explode at the proper time. Depth charges are 
carried by destroyers, destroyer escorts, and several types of 
smaller vessels. 

We can launch a depth charge in either of two ways: We 
can roll it off a trick at the stern of the ship, or we can fire it 
from a projector at the side of the ship. The projector is a 
simple gun that fires the depth charge at ranges up to 150 
yards, depending on the size of the propellant charge. 

When a depth charge strikes the water, it sinks under its 
own weight. The rate at which it sinks increases quickly, 
until the water resistance just balances the force of gravity. 
After that it sinks at a constant rate, called the terminal 
velocity. The terminal velocity is different for different 
types of depth charges; it depends on shape, size, and weight. 
(Since a charge that’s fired from a projector strikes the water 
at a speed greater than the terminal velocity, it sinks at a 
constant speed from the very beginning.) 

In a torpedo, the device that fires the main charge is the 
exploder. In a depth charge, this device is called a pistol. 
Depth charge pistols are of two types. The more common 
type is the hydrostatic pistol. It’s fired by water pressure. 
You know that the decper the depth charge sinks in the 
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water, the higher will be the pressure of the water around it. 
Within a certain range (which depends on the type of pistol), 
you can set the pistol to fire at any desired depth. When 
the charge sinks to the depth youVe set on its pistol, water 
pressure will operate the hydrostatic mechanism and explode 
the main charge. 

Some types of depth charges may be provided with 
influence pistols. This kind doesn’t depend on water 
pressure. When the depth charge comes within a certain 
distance of the submarine, the influence pistol will explode 
the charge automatically, regardless of the depth. As you 
might expect, the influence pistols are classified, and we 
can’t describe them in this course. 

As you know, an underwater explosion can do a lot more 
damage than an above-water explosion of the same power. 
And a submarine can’t carry heavy armor. These two facts 
make a submarine easier to kill than a surface ship. But 
modern submarines are so strong that you can’t be sure of a 
kill unless the depth charge explodes within about 6 yards 
of the sub. A more distant explosion may do some damage, 
so that the sub may be unable to maneuver. That will make 
your second attack easier. But to do lethal damage, you 
must place a depth charge close enough to rupture the pres¬ 
sure hull of the submarine, and flood one or more of its 
compartments. 

Because it’s hard to determine the exact position and depth 
of a submerged submarine, depth charges are nearly always 
dropped in patterns of 10 or more charges. If you’re using 
hydrostatic pistols, the pistols may be set for various depths. 
Your pattern will then cover a considerable depth, as well as 
a large area, and make a hit more certain. 

ANTISUBMARINE ATTACK 

Your first contact with an enemy submarine will probably 
be through your ship’s sonar. During wartime, and in 
certain watcrs during pcacctime, destroyers keep a 24-hour 
sonar watch. The Sonarman “searches” the area around 
the ship by sending out pings of higli-frequency sound, and 


248 


Digitized by 


Google 



listening for echoes. When the Sonarman reports a sub- 
marine contact, general quarters will be sounded, and youll 
report to your battle station. This may be at one of the 
depth charge stations, although it’s more likely to be at the 
torpedo tubes or the torpedo director. 

If a submarine is your only contact, with no other kind of 
action likely, you may be ordered from your usual station at 
the tubes or director to one of the depth charge stations. 
Two other ratings—Gunner’s Mates and Minemen—are just 
as capable of handling the depth charges as Torpedoman’s 
Mates are. Your duties during an antisubmarine attack 
will depend on the type of ship, and on the immediate 
situation. You may man the tracks at the stern of the ship, 
or one of the projector stations at the sides of the ship. 
Or you may be a member of the party that reloads the pro- 
jectors after they’re fired. 

From the sonar reports, your ship’s conning officer can get 
a lot of information about the enemy submarine. Under 
favorable conditions, he can make a fairly accurate estimate 
of its range, bearing, course, and speed. He may even be 
able to make a rough estimate of how deep it is in the water. 
With this information, he will be able to plan the attack. 

Unless the submarine is standing stili, you can’t expect 
to damage it by dropping depth charges directly above it. 
By the time the charges sink to the proper depth, the sub¬ 
marine will have moved away. If the depth charges are to 
do any damage, the charges and the submarine must reach 
the same point at the same time. It’s obvious that you have 
to drop the depth charges ahead of the submarine. 

In part A of figure 8-1, the attacking ship is approaching 
the submarine head on. It must drop its depth charges 
before it passes over the submarine, so they will have time 
to sink to the proper depth. In part B of the illustration, the 
attacking ship has overtaken the submarine from astern. It 
must wait until after it has passed over the submarine before 
it drops its depth charges. 

Both the attacks shown in figure 8-1—from dead ahead 
and dead astern—are unusual. The submarine, of course, 
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has its own sonar. The enemy knows your bearing, range, 
course, and speed. The enemy captain will never steer his. 
submarine along your ship’s track, as in figure 8-1. Instead, 
hell turn off it, as in figure 8-2, and evade your attack. 




(B) 


Fisure 8-1 


.—Depth charges are dropped ahead of the submarine. 



Figure 8-2.—Submcrine evading a depth charge attack. 
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Figure 8-3.—Submarine trapped by a depth charge cttack. 


For that reason, the attacking ship will usually maneuver 
to cross the target track a short distance ahead of the target 
as in figure 8-3. The depth charge pattern is then so broad 
that the submarine can’t turn fast enough to escape it. 

Types of Depth Charges 

Figure 8-4 shows two of the depth charges that we used 
during World War II. The Mk 6 represents the earliest type 
of depth charge. These cylindrica! charges are better known 
by their nickname: ashcans. The Mk 9 is typical of the 
newer depth charges, with a streamlined or teardrop shape. 

In general appearance, ali current depth charges resemble 
either the Mk 6 or the Mk 9. The Mk 6 depth charge is stili 
in use, mostly for training. The Mk 8, another ashcan, is 
obsolete, and it’s no longer in production. But the Navy 
has a number of Mk 8 charges on hand, and it may use them 
in an emergency. The Fleet is now carrying a large number 
of Mk 9 depth charges (later mods than the one shown in 
figure 8-4). One of the newest teardrop charges is the Mk 14, 
although we can’t discuss it here because it’s confidential. 

Both types—ashcan and teardrop—carry from 200 to 300 
pounds of cast TNT or HBX, plus the devices for arming 
the charges and starting the explosion. The difference 
between the two charges shown in figure 8-4 is almost 
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entirely a matter of case design. Compared to the teardrop 
charges, the ashcans sink slowly, and they tend to tumble as 
they sink. The teardrop charges, because of their shape 
and their tail fins, sink faster and straighter, and they sink 
nose down. Notice in figure 8-4 that the tail fins of the 
Mk 9 charge are canted. That makes the charge spin as it 
sinks, and helps to improve its trajectory. 

Figure 8-5 shows the more recent designs of the Mk 9 
charge. Part A of the figure represents Mods 2 and 3. 
Notice that the shroud around the tail fins has been 



MARK 6 



MARK 9 

Figure 8-4.—Two types of depth charges. 
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replaced by two supporting rings. And the tail fins are 
canted at a imich smaller angle—only 3°. Another im- 
provement doesn’t show in the drawing. It’s a 50-pound 
weight^ inside the case, at the nose end. The weight in- 
creases the sinking speed of the depth charge. 



a b 


Fisure 8-5.—Mk 9 depth charges: A. Mod 2 or Mod 3; B. Mod 4. 

Part B of figure 8-5 shows the Mk 9 Mod 4 depth charge. 
It differs from the Mod 3 in having a stronger nose ring and 
heavier support brackets. The heavy nose ring makes the 
charge easier to handle, and easier to launch from a release 
track. 

Inside of the Depth Charge 

A hollow tube passes through the center of all depth 
charges. In the Mk 8 depth charge, this tube contains most 
of the arming and firing mechanisms. In all other marks, 
the Central tube holds all of these mechanisms. Figure 8-6 
shows a cross section of a Mk 9 Mod 3 depth charge. This 
is a teardrop charge, but its Central tube and the parts 
inside it are the same as those of a cylindrical depth charge. 
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Figurc 8-6.—Sectional vicw of a Mk 9 Mod 3 depth charge. 
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The shaded area at the nose end of the charge (in fig. 8-6) 
represents the weight that surrounds the Central tube. 
Except for the Central tube, the rest of the casing is filled 
with the main charge of cast TNT or HBX. The nose end 
of the Central tube houses the pistol; the tail end holds the 
booster and booster extexder. 

The pistol corresponds to the exploder of a torpedo. The 
booster has the same function as the booster in a torpedo 
war head. It’s a link in the explosi ve chain, between the 
detonator and the main charge. The booster extender is 
the arming mechanism of the depth charge. It arms the 
charge by moving the booster downward until the cavity in 
its lower end encloses the detonator. 

Methods of Firing 

Ali of the early depth charges were fired by hydrostatic 
pressure. In this type, water pressure releases a spring- 
loaded firing pin, which fires the detonator by percussion. 
Several current depth charges, including the Mk 9 Mod 3 
shown in figure 8-6, use this method of firing. 

Some depth charges, like some torpedoes, can be provided 
with ixfluexce firing mechanisms. The Mk 8 depth charge 
has a magxetic firing device, although it isn’t in use at 
present; the Mk 8 charge is now set for percussion firing 
by hydrostatic pressure. The Mk 14 Mod 0 depth charge 
has an acoustic firing mechanism. Of course the influence 
firing mechanisms are a lot more complicated than the per¬ 
cussion type. There isn’t much chance that you’11 have to 
work on them. If you do, you will be given special training 
first. 

Methods of Launching 

You can launch a depth charge by rolling it from release 
tracks, or by firing it from a projector. 

Figure 8-7 sliows a cylindrical depth charge rolling from 
a release track. There are several typos of tracks, and sev¬ 
eral types of eontrol dovices for them. Usually thore are 
two tracks, with a working space between them, mounted 
at the stem of the ship. 
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KNOBBED 
SAFETY FORK 


Fisure 8-7.—Cylindrica! depth charge being dropped from relec.se trocks. 

The release track mechanism does three things: it (1) lets 
the charges move safely into the launching position at the 
after end of the track; (2) drops the charges one by one 
into the water; and (3) removes the safety devices from the 
charges as they are launched. (With some of the smaller 
tracks, you have to remove the safety devices by hand.) 

In figure 8-8, you see a teardrop charge ready to be fired 
from a projector. In projector launching, you remove the 
safety devices from the depth charge just before you fire it. 
You can launch ashcan charges from either tracks or pro¬ 
jector. You can launch the teardrop charges from tracks 
if the charges are in perfect condition. But if the nose or 
tail rings are bent out of shape, teardrop charges are likely 
to jam up on the tracks, and cause stoppages. When you 
find a teardrop charge with a deformed nose or tail ring, 
put it aside for projector launching. 

In chapter 9, we will discuss tracks and projectors in detail. 

WORKING PARTS OF THE DEPTH CHARGE 

By working parts, we mean the pistol and the booster 
extender. 

In a torpedo, the exploder mechanism arms itself by lift- 
ing the detonator into a cavity in the booster. Because this 
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—PLAIN SAFETY COVER 


Figurc 8-8.—A teardrop chargc ready for lounching from a projector. 


action depends on water turning the impeller, the torpedo 
must be under way for at least 10 seconds before it’s com- 
pletely armed. Until the exploder has armed, the main 
charge in the war head can’t be fired. This feature pro- 
tects the firing ship from a premature explosion of its own 
torpedo. 

In a depth charge, the details are different but the general 
principle is the same. Before it’s launched, the depth charge 
is unarmed. The main charge will not explode, even if the 
pistol goes off accidentally. But the depth charge must be 
completely armed before it reaches the submarine’s depth. 
For that reason, the arming action has to be fast. 

In the hydrostatic depth charge, water pressure provides 
the force for the arming action. During this action, the 
detonator remains stationary near the middle of the Central 
tube. The booster moves inboard until its cavity surrounds 
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the detonator. Then, when the depth charge reaches the 
depth youVe set on the pistol, a firing pin snaps into the 
detonator. The detonator fires the booster, which in turn 
fires the main charge. 

Booster and Booster Extender 

The booster is a metal can filled with granular TNT. As 
in a torpedo, the booster is the middle link in the explosive 
train. The booster extender is a hydrostatic device that 
arms the depth charge by moving the booster inboard, 




Figure 8-9.—Booster extender Mk 6 Mod 2: A. Exterior; B. Cross section. 
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toward the detonator. Figure 8-9 shows an outside view, 
and a cross section, of the booster extender Mk 6 Mod 2. 
As we describe it, find the parts in the drawing. 

The booster extender is provided with a flexible, water- 
tight metal bellows. The bellows encloses the working 
parts of the extender mechanism. At its outboard end, the 
bellows is sealed to the inner side of the flange. 

The piston is attached to the bellows at its inboard end- 
At the inboard end of the extender is a connecting collar. 
This collar secures the booster on the extender, and serves 
to hold the bellows retainer in place. 

Secured to the inner surface of the piston is the spindle, 
which extends outward through a bushing in the center of 
the flange. The outboard end of the spindle has a slight 
taper. The safety fork fits on a groove around the outer 
end of the spindle. As long as the safety fork is in place, 
the spindle fornis a watertight seal in the bushing, and no 
water can enter the bellows. 

An extender sleeve is secured to the inner side of the 
spindle guide. Between the spindle guide and the spindle 
is a locking slide, which houses three locking balls. As 
long as the depth charge is unarmed, these balls fit in a 
groove in the spindle, and lock the slide and spindle together. 

The extender spring supplies most of the mechanismi 
resistance to water pressure. The bellows itself supplies 
only a small resistance. 

Operation of the Booster Extender 

As long as the safety fork is in place, it holds the booster 
extender in its safe condition. No water can enter the 
bellows. The safety fork is removed during launching, or 
just before launching. (Check back to figs. 8-7 and 8-8.) 

When the fork comes off, the bellows expands inboard 
about a quarter of an inch, drawing the spindle with it. 
(The groove that houses the locking balls is long enough to 
permit this much expansion.) Now the thinner part of the 
spindle is in the spindle bushing, and the spindle no longer 
forms a watertight seal. As soon as the depth charge is 
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submerged, water flows between the spindle and the bushing, 
and begins to fili the bellows. 

As the depth charge sinks, water pressure forces the bel¬ 
lows to expand. The piston (attached to the bellows) and 
the spindle (attached to the piston) both move inward. The 
locking slide moves along with the spindle, since the two are 
locked together by the locking balls. The extender spring 
resists the motion of ali these parts. The depth charge 
can*t arm until the water pressure is strong enough to over- 
come the force of the spring. 

As water pressure increases, the spindle carries the locking 
balls into the enlarged part of the spindle guide. The balls 
fall out into the guide. The spindle is then free from the 
locking slide, and from the resistance of the extender spring. 
Now there’s nothing but the bellows to resist the inward 
movement of the piston. The piston quickly carries the 
booster inward until it surrounds the detonator. 

In the older Mk 6 extenders (Mods 0 and 1), the piston 
moves inboard until the booster comes to rest against the 
detonator flange. In the improved Mk 6 Mod 2, the locking 
balls engage the shoulder at the large diameter of the spindle, 
and stop the piston movement when the booster is about a 
tenth of an inch from the detonator flange. In ali mods, 
the depth charge is armed when the booster comes to rest 
with its cavity surrounding the detonator. 

Of course the booster extender can’t function at all unless 
the safety fork is removed. To keep water from getting into 
the bellows by accident, we must leave the safety fork in 
place as long as possible before launching. 

When you launch a depth charge from a projector, or from 
one of the smaller tracks, you remove the plain safety fork 
with a hand lanyard (see fig. 8-8) just before launching. 
If the order to launch is revoked, you pull the spindle out 
again and replace the safety fork. The larger tracks remove 
the fork automatically at the instant of launching. After 
you load the depth charge on the track, you remove the 
plain safety fork and replace it with a knobbed safety fork 
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(figs. 8-7 and 8-9). A wiping piate on the track removes 
the knobbed safety fork during launching. 

Pistol 

Figure 8-10 is an outside view of a hydrostatic depth 
charge pistol. Like the booster extender, it’s operated by 
water pressure. But the booster extender has no adjustment 
feature; the arming depth depends only on the type of ex¬ 
tender. By tuming a pointer on the pistol, you can set the 
depth at which it will fire. As you can imagine, the pistol is 
a more complicated mechanism than the extender. 

In this chapter we will describe the Mk 6 Mod 2 pistol. 
It can be set to fire at depths as great as 1,000 feet, which 
makes it useful against the newest submarines. The earlier 
Mk 6 pistols (Mod 0 for depths to 300 feet, and Mod 1 for 
depths to 600 feet) are sometimes used in training. After 
youVe studied the Mod 2, you’11 find the earlier mods easy 
to understand. 

All depth charge pistols are shipped and stowed with plain 
safety covers over their water inlets. (You can see a plain 
safety cover in the lower part of figure 8-8.) Before you 
launch a depth charge from a projector, or a small track, take 
off the safety cover by hand. When you load a charge on a 
large track, remove the plain safety cover and replace it with 
a knobbed cover. The knobbed cover, like the knobbed 
safety fork on the booster extender, will be wiped off auto- 
matically during launching. 

Figure 8-11 shows a cross section of a depth charge pistol. 
It’s drawn with the opening at the bottom, because the pistol 
is in that position when it’s in a sinking teardrop charge. 
During assembly, the flange at the nose end of the pistol is 
secured to the depth charge casing by eight screws. On the 
nose end are two scales, each with an index pointer. The 
position of these pointers determines the depth at which 
the charge will fire. Inside the nose is the deep-firing 
mechanism. 

The pistol, like the booster extender, has a flexible metal 
bellows. The tubular bellows extension, at the lower 
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Fisure 8-10.—Outside view of a depth chargc pistol. 


edge of the bellows, is screwed to the nose flange. At its 
upper edge, the bellows forms a watertight seal with the disc 
of the HYDROSTATIC PISTON. 

Above the bellows, the pistol casing tapers to form a 
guide tube for the firing plunger and its related parts. 
The centering flange, at the inboard end of the guide 
tube, keeps the pistol properly aligned in the Central tube of 
the depth charge. The detonator is secured near the 
inboard end of the piston, and projects through the centering 
flange. 
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Figure 8-11.—Cross section of a depth chorge pistol. 
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Shallow Firing 

For shallow firing—at depths up to 300 feet—you set the 
deep-firing mechanism (fig. 8-12) to stay open. Water can 
then flow into the pistol as soon as the depth charge is 
submerged. For a shallow setting, you use the outer scale 
on the nose of the pistol. (We’ll give you the details later.) 

When you move the index pointer on the outer scale, it 
turns the depth-setting sleeve (fig. 8-11). This sleeve 
is free to tura, but it can’t move up or down. Its inner 
surface is threaded, and mates with the adjusting bushing. 
The bushing is keyed to the hydrostatic piston stem, so 
tliat it can move up and down but can’t tura. 

Inside the adjusting bushing is the heavy depth-setting 
spring. When the adjusting bushing moves down, it com¬ 
presses the spring. The more the spring is compressed, the 
more resistance it offers to any movement of the hydro- 
statically operated parts, and the more water pressure you 
need to produce a given amount of movement. As a resuit, 
moving the adjusting bushing down increases the depth at 
which the pistol will fire. 

When the bushing moves up, it takes some of the pressure 
off the spring. The spring then offers less resistance, and 
the firing depth is decreased. (At the 30-foot setting the 
spring has free play inside the bushing, and offers no resist¬ 
ance at all. At this depth only the smaller springs, and the 
bellows itself, resist the water pressure and delay the firing.) 

Take another look at figure 8-11 to see how the depth- 
setting spring is related to the other working parts. The 
stem of the hydrostatic piston extends downward through 
the depth-setting spring, and ends in a spring-engaging 
collar. The piston, vou remember, is sealed to the upper 
edge of the bellows. When the bellows expands, it carries 
the piston, the piston stem, and the spring-engaging collar 
along with it. 

Except at very shallow settings, the depth-setting spring 
is gradually compressed between the spring-engaging collar 
and the adjusting bushing. The hydrostatic piston and its 


264 


Digitized by 


Google 



related parts must overcome the resistance of the depth- 
setting spring as they move upward. 

Inside the upper end of the hydrostatic piston stem is a 
firing spring that bears against the firing plunger. The 
firing plunger moves in its own bushing inside the guide tube. 
The firing plunger is hollow. It houses the release plunger. 
The stem of the release plunger extends downward through 
the end of the firing plunger, and most of this extending part 
has a reduced diameter. A small spring separates the upper 
end of the release plunger from the firing pin. 

Fitted in the firing plunger are three locking balls. 
These balls keep the firing plunger from driving the firing pin 
into the detonator. They stav in place as long as the thicker 
part of the release plunger holds them there. 

As the depth charge sinks, water enters the bellows and 
expands it. The hydrostatic piston moves upward, com- 
pressing the firing spring, the release plunger springs, and 
(except at very shallow settings) the depth spring. As the 
water pressure increases, the thin part of the release plunger 
stem moves opposite the lockmg balls. The balls then slip 
out of place. The firing spring snaps the firing pin into the 
detonator, and fires it. 

Deep-Firing Mechanism 

The old Mk 6 Mod 0 depth charge pistol has no deep-firing 
mechanism. It has only one setting dial, very much like the 
outer dial of the Mod 2 pistol. Its maximum firing depth is 
300 feet. The deep-firing mechanism of the Mk 6 Mod 1 
pistol can be set for depths up to 600 feet, and that of the 
Mod 2 for depths up to 1,000 feet. 

For shallow firing, you set the deep-firing mechanism so 
that it will admit water to the bellows as soon as the depth 
charge is submerged. The dotted lines in figure 8-12 show 
how water flows through the deep-firing mechanism and filis 
the bellows. 

The deep-firing mechanism fits in its own housing, which 
screws into the nose end of the pistol. Its main working 
parts are the ball valve, the adjustable valve seat, and 
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Fi$ure 8-12.—Dccp-firing mechanism in a Mk 6 Mod 2 pistol. 


the valve stem. For depth settings of 350 feet or more, the 
ball valve is tightly seated. No water can enter the bellows 
until the water pressure is great enough to overcome the 
resistance of the spring-loaded stem, and unseat the ball. 

The head of the valve seat forms the inner index pointer. 
The pointer is slotted; you make the setting by turning it 
with a screwdriver. By turning the pointer clockwise off 
the 0 to 300 sector, you screw the valve seat inward. The 
valve seat pushes the ball against the stem, and compresses 
the valve spring. Compressing the spring increases its 
resistance to hydrostatic pressure, and increases the firing 
depth. 

Parts A and B of figure 8-13, show the relationship be- 
tween the inner pointer and its dial. For shallow firing, 
you set the pointer of the deep-firing mechanism at the 
0 to 300 mark. At this setting, a retainer nut limits the 
movement of the valve stem, providing a clearance for water 
entry between the ball and seat. 

Setting a depth charge pistol takes only a few simple 
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Fi$ure 8-13.—Setting o depth charge pistol. 


steps. But you must follow these steps carefully. If you 
fail to follow the directions, you may tum the depth charge 
iiito a serious hazard to your own ship. This is especially 
true during stormy weather or during combat, when you'11 
have very little chance to correct your mistakes. 

Always lea ve the safety cover in place until the last prac- 
ticable instant before firing. A hydrostatic pistol that ad- 
mits water accidentally is a serious threat to your ship and 
its crew. Another dangerous threat is a depth charge 
pistol that^ carelessly set for deep firing when the target is in 
shallow water. This pistol will be a dud, and the depth 
charge will lie on the bottom like a mine. Eventually, cor- 
rosion will let water seep in through the deep-firing mecha- 
nism. And the charge will explode on some unpredictable 
future date. 

For shallow settings (up to 300 feet) follow these steps: 

1. Take off the safety cover. 

2. Make sure the inner (deep-firing) pointer is set at 0 
to 300, so that the charge will submerge with its water 
inlet open. If the pointer isn’t properly set, turn it counter- 
clockwise to the 0 to 300 position. Use a screwdriver, or 
the screwdriver end of the depth-setting wrench. 
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3. Put the safety cover back on. 

4. If the outer index pointer is locked at safe, remove 
the lock. 

5. If you find the index pointer on 30, move it clockwise 
to the ordered setting. If you find it on safe, move it 
counterclockwise to the ordered setting. Remember 
this: You must never try to tura the pointer through the 
small sector between safe and 30, even if this is the shortest 
way to the setting you want. When the pistol is assembled 
to a depth charge, there is a stop pin in the sector between 
safe and 30. This pin keeps you from injuring the working 
parts of the pistol by turning the pointer too far. If you 
try to tum the pointer between safe and 30, you may shear 
the pin. 

If you shear the pin, you’11 destroy the proper relationship 
between the adjusting bushing and the depth-setting sleeve. 
Any depth setting you make after that will be very unre- 
liable. The pistol may even fire while you Ve working on it. 
(To protect the stop pin, a wrench stop (fig. 8-14) is put on 
the flange at the 200 setting when the pistol is assembled 
to the depth charge.) 

For deep settings, follow these steps: 

1. If the safety lock is in place on the outer pointer, take 
it off. 

2. Using the depth-setting wrench, move the outer 
pointer to 100. (Remember to move it clockwise 
if you find it set at 30, but counterclockwise if you find 
it set at safe.) 

3. Take off the safety cover. 

4. Using a screwdriver or the screwdriver end of the 
depth-setting wrench, tura the deep-firing pointer 
clockwise from the 0 to 300 mark to the ordered 
setting. If you find the pointer set for a depth greater 
than the one ordered, be sure you tura it counterclock¬ 
wise back to the ordered setting. 

5. Put the safety cover back on. 
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Review of Safety Features 

Figure 8-14 points out some of the safety features of the 
clepth charge. 

To keep water from getting into the hydrostatic mecha- 
nisms by accident, the booster extender has a safety fork 
and the pistol has a safety cover. A plain fork and cover 
stay in place during shipment and stowage, and as long as 
feasible before launching. Just before you launch a depth 
charge from a projector, or from one of the small, letter- 
designated tracks, you remove the plain safety fork and 
cover by hand. Don’t put them back unless the order to 
launch is revoked. 

While you’re making a charge ready for launching from 
one of the larger tracks, you remove the plain fork and re- 
place it with a knobbed fork; you remove the piam safety 
cover and replace it with a knobbed cover. Wiping plates 
on the track will strip off the knobbed fork and cover when 
you launch the charges. 

A stop pin keeps you from tuming the index pointer 
through the area between safe and 30. Opposite the stop 
pin is a wrench stop that serves the same purpose. 

Under many stowage conditions, the safe-setting lock 
is used to hold the index pointer at safe. This lock keeps 



Figure 8-14.—Safety features of a current depth charse. 
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the pointer from being moved accidentally. It*s a simple 
metal piate, with a round hole at one end and a square hole 
at the other. Before you mount the lock, be sure the index 
pointer is on safe. Then put the cap screw of the 30 dial 
mark through the round hole. Engage the pointer in the 
square hole, and tighten the cap screw. 

Before the safety lock was designed, it was a common 
practice to lock the pointer on safe with a length of No. 19 
copper wire. You can stili use wire for a substitute safety 
lock. Weave the wire through the hole in the index lug 
and the wrench stop, as shown by the dotted lines in figure 
8-14. 

Testing Hydrostatic Mechanisms 

If you are assigned to a tender or a shore activity, there^ 
a chance that you may have to test the hydrostats used in 
depth charges. You can use the Mk 2 Mod 1 test set in 
disassembling, assembling, and testing pistols and booster 
extenders. You will use a more complicated test set—the 
Mk 3 Mod 0—for complete functional testing of the hydro¬ 
stats. OP 747 describes and illustrates both these test sets, 
and telis you how to use them. 

DEPTH CHARGE STOWAGE 

Depth charges, like torpedo war heads, are bomb-type 
ammunition. (You’11 find some general rules for safe stowage 
of bomb-type ammunition in chapter 12 of this course.) 
When depth charges are stowed in magazines or lockers, they 
must have a gasket and metal shipping cover at each end 
of their Central tubes. The cases must be inspected for 
cleanliness and general condition at least once a month. 
Since some charges are filled with cast TNT, youll have to 
look carefully for exudate. Remove any exudate you find, 
following the safety precautions we gave you in chapter 6 of 
Volume 1. 

Teardrop charges must be liandled and stowed with care, 
to keep the rings from getting dented. (A teardrop charge 
with a dented ring can’t be launched from a track.) The 
shipping crates should be left on the charges during magazine 
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stowage. The crated charges are usually placed upright 
(either nose up or tail up) in a single tier, or in two tiers with 
a platform between them. Secure the crated charges against 
moving. If they are very carefully secured, crated charges 
may be stowed horizontally on racks. Ashcan charges aren’t 
as easy to damage as the teardrop charges, but they must 
be secured against accidental movement. 

In wartime, the ship’s release tracks are kept loaded with 
depth charges in ready condition. This means that the 
pistol, with its detonator in place, is installed in the depth 
charge, locked on safe, and protected with a plain safety 
cover. The booster extender and booster are installed, and 
protected with a plain safety fork. When ordered to do so, 
vou will put the charges in fully ready condition by setting 
the pistol for the ordered depth, and by replacing the plain 
fork and safety cover with knobbed ones. 

During peacetime, some of the ship’s depth charges may 
be stowed on the tracks, but without their pistols, boosters, 
or booster extenders. The aftermost position on the track 
is usually left vacant, to keep from putting too much strain 
on the detents in the release trap. Your gunnery officer will 
teli you how to secure the charges on the tracks. 

When a pistol is assembled in a depth charge, it must 
always be kept at the safe setting during handling and stow¬ 
age. This is true even when the safety cover and safety 
fork are both in place. 

In wartime, depth charges will be stowed on the ship’s 
projectors. Keep the charge and arbor lashed to the sea 
lashing hooks until you are ordered to prepare the charge 
for immediate firing. Leave the pistol set on safe until some 
other setting is ordered. If the charge is not launched after 
setting, reset the pistol on safe as soon as you get the order 
to secure. 

Importamt Warning: If your ship is in danger of sinking, 
make every effort to reset all the pistols in the fully ready 
charges on safe, even if the safety forks and safety covers 
are in place. This is the only way you can be certain that 
a sinking depth charge won’t be armed by accident. 
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DEPTH CHARGE MAINTENANCE 


The upkeep routines for depth charges are much simpler 
than those for torpedoes. But the routines must be followed 
regularly and carefully. 

When depth charges are stowed on the tracks in ready 
condition, give the pistols the following weekly routine: 

1. Put a few drops of light oil (No. 2110) on the surface 
between the outer index pointer and the dial piate, and 
around the plunger that’s attached to the index pointer. 

2. Remove the safety lock. 

3. Turn the outer index pointer counterclockwise from 
SAFE tO 30. 

4. Turn the index pointer clockwise from 30 back to safe. 
Lock the pointer at safe. 

5. Remove the safety cover. 

6. Turn the inner index pointer counterclockwise from its 
stowage setting to the 0 to 300 mark. Then turn it 
clockwise back to the stow r age setting. 

7. Inspect the safety cover. If it's in good condition, put 
it back on the pistol. If it isn% replace it with a 
new one. 

If the charges are stowed in fully ready condition, give the 
pistols the following daily routine: 

1. Turn the outer index pointer counterclockwise from 
the ordered setting to 30, then clockwise from 30 to 
safe, and finally counterclockwise from safe to the 
ordered setting. 

2. Take off the safety cover. 

3. Turn the inner index pointer counterclockwise to 
0 to 300, then clockwise to its highest setting, then 
counterclockwise back to the ordered setting. ' 

4. Inspect the safety cover. If it’s in good condition, put 

it back on the pistol. If it isn’t, replace it with a new 
one. I 

When a booster extender is assembled in a depth charge 
in deck stowage, give tlie extender the following daily 
routine: i 
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1. Remove the safety fork, and watch the action of tlie 
spindle. It should immediately move inward a quarter 
of an inch. 

2. Attach the extender-testing tool. (This tool is de- 
scribed in chapter V of OP 747.) 

3. Work the spindle in and out 10 times, using medium 
pressure. 

Caution: Don’t move the spindle farther than three- 
fourths of an inch. If you do, the booster will surround 
the detonator and the charge will be dangerous. 

4. If the spindle sticks, remove the extender for overhaul. 
Replace it with an extender thaCs in good working 
condition. 

5. Remove the testing tool. 

6. Examine the safety fork. If it’s in good condition, put 
it b^ck on the extender. If it isn’t, replace it with a 
new one. 

REFERENCES 

OP 747, Depth Charges Mk 6, Mk 6 Mod 1, Mk 7, Mk 7 
Mod 1, Operating and Maintenance Instructions. 

OP 866, Depth Charge Mk 9 and Mods. 

OP 669, Depth Charge Mk 14 Mod 0; Description and 
Instructions for Use. 

OP 1577, Depth Charge Mk 14 Mod 0; Shipboard Han- 
dling Instructions. 

OP 2107, Depth Charges Mk 16 Mods 0 and 1, Description 
and Instructions for Use. 
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QUIZ 


1. How are depth charges classified according to shape? 

2. How are they classified according to firing mechanism? 

3. List very briefly the sequence of operations that take place during 
arming and firing of the depth charge. 

4. What explosives are used as the main charge in depth charges? 

5. Why do we launch a whole “pattern” of depth charges against a 
single submarine? 

6. How are depth charges launched from the stem of the ship? 

7. How are they usually launched to port and starboard? 

8. For track launching of depth charges, what should you do with 
the plain safety fork and cover? 

9. For projector launching, what should you do with the plain safety 
fork and cover? 

10. Look at part A of figure 8-13. If the outer depth-setting pointer 
is set on safe, in which direction would you tum it to reach a 
setting of 100? 

11. If this pointer is set on 30, which way would you turn it to reach 
the safe setting? 

12. What is the purpose of the inner dial shown in part A of figure 8-13? 

13. When you’re using the inner dial, where do you set the outer 
pointer? 

14. What provides the force that extends the bellows in the pistol and 
the booster extender? 

15. What is the purpose of the wiping piat es on a depth charge track? 
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DEPTH CHARGE TRACKS AND 
PROJECTORS 

As you learned in chapter 8, we rarely launch a single 
depth charge against a submarine. To increase the chances 
of getting a hit, we launch a pattern of 10 or more charges. 
To make the most effective pattern, we need both release 
tracks and projectors. There are usually three projectors 
on each side of a destroyer. The pattern consists of the 6 
charges fired from the projectors, and from 4 to 6 charges 
rolled from the release tracks at the stern. 

The large tracks that you 11 find at the stern of a destroyer 
are designated by mark and mod numbers. The very short 
tracks—the kind you’11 find on PT boats and other small 
craft—have no mark numbers; they’re designated only by 
letters 

MARK-DESIGNATED TRACKS 

There are several marks and a number of mods of release 
tracks. At present, the tracks most often used are of the 
Mk 9 type. After you learn how the Mk 9 track operates, 
you’11 find the others easy to understand. 

Mk 9 Type Tracks 

Figure 9-1 shows a Mk 9 release track. Normally, the 
tracks are mounted in pairs, one on each side of the center- 
line. For that reason, not all of the parts are interchange- 
able; some of them will be either right hand or left hand. 
The track in figure 9-1 is the type that’s mounted on the 


275 


Digitized by LjOOQle 



port side of the ship. In this figure the after end of the 
track, where the charges roll out, is at the left. 

As you can see in figure 9-1, there are six different mods 
of the Mk 9 track. Mods 0 through 4 differ only in length. 
The Mod 5 differs also in the amount of space between the 
forward frames. (Note the dotted lines that represent the 
forward frame of the Mod 5 in figure 9-1.) 



All the Mk 9 tracks are provided with an upper and a lower 
pair of guide rails. The upper outboard rails (on the far 
side in fig. 9-1) are bolted to spacer brackets. These 
brackets, in turn, are secured to the framework. The upper ! 
inboard rails are bolted directly to the framework. Both j 
lower rails are bolted to horizontal cross braces, directly j 
under the corresponding upper rails. i 

With some installations you will use a loading tray to put j 
the charges on the track. There are two different types of 
loading tray, but both are mounted at the forward end of 
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the track. The tray sliown on the track in figure 9-1 is of 
tbe rigid type. There is also a folding type, whicli you 
can fold up flat against the fonvard support when you aren’t 
using it. 

In the after end of the track (at the lower left in fig. 9-1) 
is the release trap. The trap holds one deptli charge in 
position for launching. A pair of detents, mounted between 
the lower guide rails, keeps the charge in the trap until you’re 
ready to release it. The detents are operated, tlirough a 
linkage, by the track-control unit. 

Hanging between the upper rails is a series of pawl bars, 
each shaped like a wide letter U. There is one pawl bar for 
each charge on the track, except the one thafs farthest 
forward. The pawl bars are spaced so that each bar secures 
one charge against moving forward. The forward charge is 
secured by a removable stop bar. 

There are several different designs of stop bars. When 
charges are stowed on the tracks during peacetime, you may 
find a stop bar between each pair of stanchions. (In figure 
9-1, there are four stop bars in place.) The protective bar 
at the after end of the track is called a safety bar. It keeps 
the aftermost charge from rolling out of the release trap 
accidentally. 

On each of the two aftermost stanchions is a wipixg plate. 
(Find them in figure 9-1.) As the depth charge rolls off the 
track, one wiping piate removes the knobbed safety fork 
from the booster extender. The other removes the knobbed 
safety cover from the pistol. 

Operation of the Mk 9 Track 

The three diagrams in figure 9-2 show how the Mk 9 track 
operates. In part A you see four depth charges in place on 
the track, with the track control in its secure position. The 
aftermost charge—number 1—is bearing against the after 
detents, which keep it from rolling aft. At the top of the 
track, a pawl bar bears against each of the charges, to prevent 
any forward motion. Under the after end of the number 2 
charge, you can see the forward detents. When the operating 
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mechanism is in the secure position, the forward detents are 
below the level of the lower guide rails, and don’t touch any 
of the charges. 

In part B of figure 9-2, the track-control mechanism is 
in the release position. The operating handle has been 
moved aft (to the left in the drawing). You can easily 
trace the resuit of that movement through the linkage. 
The after detent moves down, leaving the number 1 charge 
free to roll off the track. But the forward detent moves up, 
and bears against charge 2. Thus charges 2, 3, and 4 are 
held almost in the secure position. 

In part C, the number 1 charge is about to fall off the 
after end of the track, and drop into the water. It has 
passed the wiping plates, which have pulled off the knobbed 
safety fork and safety cover. The operating mechanism has 
been returned to its secure position, with the after detent up 
and the forward detent down. Charge number 2 is rolling 
into the release trap, where it will be stopped by the after 
detent. Charges 3 and 4 are following charge 2. At the end 
of this action, charges 2, 3, and 4 will exactly replace charges 
1, 2, and 3, in the position shown in part A of the illustration. 

This ends one launching c 3 7 cle. To launch charge 2, you 
go through the whole cycle again. 

Mk 3 Type Release Track 

The Mk 3 release track was the type most used during 
World War II. Its framework is almost, but not exactly, 
like that of the Mk 9. Its release trap works in the same way. 
There are three current mods of the Mk 3 track, which differ 
only in length. Mod 0 liolds eight charges; Mod 1 seven 
charges; and Mod 2 five charges. j 

There is only one important difference between the Mk 3 
and the Mk 9: The Mk 3 has an upper detent that bears 
against the charges at the forward end of the track. This 
upper detent keeps the forward charges from moving aft 
during the release of the after charge. Thus it protects the 
detents in the release trap from the thrust of the whole load. 

i 

278 

Digitized by Google 



RELEASE POSITION 
CHARGE I RELEASED 
CHARGE 2 HELD BY FORWARD DETENT 



CHARGE I SAFETY FORK PULLED 
CHARGE 2 ROLLING INTO RELEASE TRAP 
CHARGES 3 AND 4 ADVANCING 


Fisure 9-2.—Operation of the Mk 9 depth charge release track. 





SECURE POSITION 
CHARGE I IN RELEASE TRAP 



CHARGES 2 AND 3 HELD BY FORWARD DETENT 
CHARGE 4 HELD BY UPPER DETENT 


SAFETY FORK 



CHARGE 2 ROLLING INTO RELEASE TRAP 
CHARGE 4 ADVANCING THROUGH UPPER DETENT 

Figurc 9-3.—Operatiori of thc Mk 3 depth charge release track. 


280 

Digitized by' ^.ooQle 















Study figure 9-3 to see how the Mk 3 track operates. Its 
release trap works the same as that of the Mk 9. But the 
upper detent keeps charge 4—and all the charges forward 
of it—from moving aft until the cycle is nearly complete. 
When the release mechanism is returned to its secure position, 
the upper detent will bear against the new fourth charge. 

Mk 6 Mod 0 Track 

The Mk 6 Mod 0 track is now obsolete, and it isn’t likely 
that you will see one. It’s like the 5-charge Mod of the 
Mk 3, except that it has no upper detent. 

Escapement-Type Tracks 

A number of tracks—Mk 1 Mods 0 and 1, Mk 4 Mod 0 
(now obsolete), Mk 5 Mod 0, and Mk 7 Mod 0—use an 
escapement mechanism, rather than detents, to operate the 
release trap. Figure 9-4 illustrates the Mk 1 track and its 
escapement mechanism. Its two mods differ only in length. 
The Mod 0 holds eight charges, and the Mod 1 holds five. 



Fisure 9-4.—Depth charge release track Mk 1. 
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The Mk 5 Mod 0 is a lightweight traek made of aluminum 
alloy instead of steel. It holds seven charges. Its control 
unit is mounted on the top of the traek, rather than at the 
side. The Mk 4 traek is similar to the Mk 5, but shorter. 
The Mk 7 is a steel traek that holds only two charges. Its 
control unit is designed for local operation only. Except 
for these differences, the Mk 7 is like the Mk 5. 

Figure 9-5 illustratos the operation of a tvpical escapement 
traek, the Mk 1. In part A, the escapement arms are holding 
charge 1 in the release trap. Charge 2 is bearing against 
charge 1, and is ready to follow it into the trap. A double 
pawl assembly at the top of the traek separates charges 2 and 
3; it keeps 2 from moving forward, and 3 from moving aft. 
A single pawl keeps each of the other charges from moving 
forward. 

In part B of figure 9-5, the mechanism has been moved to 
the release position. The escapement arms ha ve swung 
forward, releasing charge 1. But tliey now bear against 
charge 2, to keep it from foliowing. Charge 1, with its safety 
de vices wiped off, is falling from the after end of the traek. 
The double pawl assembly keeps charges 3 and 4 from 
moving aft. 

In part C, the release mechanism has just been returned 
to its secure position, and ali the charges are rolling aft. 
The escapement arms are swinging down into position to hold 
charge 2 in the release trap. The double pawl mechanism has 
turned out of the way, so that charge 3 can roll past it. 
At the end of the cycle, the double pawl will return to its 
original position, and separate charges 3 and 4. 


Letter-Designated Tracks 

Only four tracks are designated by letters: types A, B, 
C, and D. They were designed primarily for PT boats and 
other small craft, altliough you may sometimes find them 
grouped along the sides of larger vessels. 

Types A and B are of the same basic design; type A holds 
one charge, and type B holds two. In the same way, types 
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SECURE POSITION 
CHARGE I IN RELEASE TRAP 
CHARGE 3 HELD BY DOUBLE PAWL ASSEMBLY 


SAFETY FORK 

PULLED FREE B 



RELEASE POSITION 

CHARGE 1 RELEASED, SAFETY FORK PULLED 
CHARGE 2 HELD BY AFTER RAWL AND ESCAPE- 
MENT ARMS 

CHARGE 3 HELD BY DOUBLE RAWL ASSEMBLY 



ADVANCE POSITION 

CONTROL IN SECURE POSITION 
CHARGE 2 MOVING INTO RELEASE TRAP 
DOUBLE R&WL ASSEMBLY CRANKED TO UFT R*WLS 
CHARGES 3 AND 4 MOVING INTO NEXT POSITIONS 

Fisure 9-5.—Operotion of the Mk 1 release trock. 


283 

Digitized by 


Google 







C and D are one-charge and two-charge arrangements of 
the same basic design. All four types have cable pendants 
for holding the depth charge (or charges) in place. All have 
built-in local control deviees. 


GUIDES 



Figure 9-6 shows the type A release track. As you can 
see, it’s very simple and compact. The charge rests on 
channel irons, and bears against an iron back rest. The 
release cable holds the charge in place on the track. The 
release link, secured by a pin, holds a bight of the release 
cable in place over the charge. By turning the release crank 
clockwise, you pull the release pin out of the release link. 
The charge is then free to roll off the track. 

As you can see, the type A track has no wiping plates. 
You remove the two safety deviees by hand, just before you 
launch the charge. 

Note: At one time, the safety deviees were removed by 
lanyards secured to the track. The lanyards automatically 
pulled off the safety fork and cover as the charge was 
launched. But BuOrd found that because of these lanyards, 
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the safety devices were sometimes pulled off accidentally 
before the charges were ready for launching. BuOrd now 
recommends that the lanyards shall not be used. 

Before you put a depth charge on a type A track, follow 
these steps to make the track ready: 

1. Take out the safety pin that secures the release crank. 

2. Back off the butterfly nuts to slacken the release cable. 

3. If the pin is in the release link, tura the crank to pull it 
out. 

4. Throw the release cable over the back of the track. 

The track is now ready for loading. To load it, follow 

these steps: 

1. Put a charge on the track, and hold it against the back 
rest. 

2. Drop the bight of the release cable over the charge. 

3. Slip the release link into the locking clevis. 

4. Turn the release lever to its secure position, to drive 
the release pin into place in the link. 

5. Tighten the butterfly nuts until the cable holds the 
charge firmly against the back rest. 

6. Unless the charge is to be used at once, lock the release 
crank in its secure position. 

7. Remove the safety fork and safety cover by hand, just 
before you release the charge. 

RELEASE CONTROLS 

The Mk 7 track, and the four letter-designated tracks, 
ha ve built-in Controls that you operate locally, by hand. 
All the other tracks have independent Controls linked to the 
track mechanism. 

There are three different types of independent control 
units. The simplest is the hand-operated local unit. You 
can join it to the connecting rod of any track that doesn’t 
have a built-in control. 

The second type is a hydraulic control system, with two 
control units. You can operate it locally by hand, or by 
hydraulic pressure from a more distant hand-operated unit. 
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The third type is an electric-hydraulic control system. 
Its hydraulic equipment is much like that of the second type. 
But you operate the more distant unit of this system by an 
electric motor, rather than by hand. 

Local Control 

Figure 9-7 shows the Mk 1 local control unit. The 
pedestal supports a fixed spindle and disc. The operating 
lever is cast in one piece with the housing, which fits around 
the disc. When you move the lever, the housing tums on 
the disc. (The disc and spindle don’t move.) Two adjust- 
able limit stops control the size of the arc through which 
you can move the operating lever. 

Within the operating lever is a spring-Ioaded latch. When 
the lever is in its secure position, this latch engages a notch 
in the disc, thus locking the lever in place. To release the 
lever for operation, squeeze the finger grip release. 



Fisure 9-7.—Cutawoy view of Mk 1 local control unit. 
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A pin projects from the housing to connect the operating 
lever to the operating rod of the track mechanism. 

The Mk 1 local control units are marked either port or 
STARBOARb, depending on the position of the limit stop 
brackets and the locking notch in the disc. 

To operate the control unit, follow these steps: 

1. Grasp the control lever. Unlatch the lever by squeezing 
the finger grip release. 

2. When ordered, swing the lever quickly, in one smooth 
continuous motion, until it rests against the after limit 
stop. (This operates the track detents and releases 
the rear depth charge.) 

3. Hold the lever in the release position until the next 
charge comes to rest against the forward detents. 

4. Move the lever quickly, in one smooth continuous 
motion, back to its forward limit stop. 

5. Repeat the full cycle as ordered. 

6. Return the lever to its secure position, and latch it there. 
Note: Moving the lever smoothlv and quickly is im¬ 
portant. If you hesitate, or stop half way, the charges 
may jam on the track. 

Hydraulic Control 

Figure 9-8 is a diagram of a hydraulic control system. 

This system has two control units. The track unit is 
linked directly to the operating rod of the track mechanism. 
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The bridge control is at some distance from the track— 
usually (but not always) on the bridge. Two pipes, filled 
with hydrauhc fluid, connect the two control units. Near 
the bridge control, but at a higher elevation, i& a surge 
tank. The tank holds a supply of hydraulic fluid, to keep 
the pipes full at all times. It also allows the fluid to expand 
when the temperature rises. 



HOUSING 


IELEASE 


HYDRAULIC 
PIPE GONNECTIONS 

HYDRAULIC RAM 


CUP 


BRACKET 


LATCH 


LEVER 


SPRINC 


PINION- - 

RACK -- 

EQUALIZING PORT PLUG 


Fisure 9-9.—Track control unit of a hydraulic control system. 


Figure 9-9 is a diagram of the track control unit. If you 
compare it with figure 9-7, you’11 see that the track control 
unit of the hydraulic system is very much like the local 
control unit. In fact, you can use it for local control just 
by disengaging the release lever. 

In the left-hand part of figure 9-9 you can see the hydraulic 
mechanism. Its principal parts are a pair of cylinders, each 
housing a hydraulic ram or piston. (One of the cylinders 
is cut away in the illustration.) A gear rack is machined 
on one side of each ram. Both racks mesh with the pinion. 
The unit is assembled so that when one ram is down, the 
other is up. At the bottom of each cylinder is a connect ion 
for one of the two hydraulic pipes. A leather cup at the 
bottom of each ram makes a tight fit inside the cylinder. 


Digitized by LjOOQle 




When the unit is operated from the bridge, the operating 
lever of the bridge control is thrown to its release position. 
This forces hydraulic fluid, under pressure, through one of 
the pipes and into the forward cylinder of the track unit. 
(The forward cylinder is the one that’s cut away in figure 
9-9.) When the hydraulic fluid forces the forward ram up, 
its rack turns the pinion, and forces the other ram downward. 
The pinion, through its shaft, turns the disc (counterclock- 
wise in fig. 9-9). Because the release lever is latched to the 
notch in the disc, the disc turns the operating lever and its 
housing. And the pin on the housing moves the operating 
rod on the release track, dropping the after depth charge. 

When the operating lever at the bridge is returned to its 
secure position, the action in the track unit is reversed. 
The track operating rod is withdrawn, permitting the other 
depth charges to move aft to the next position. 

The bridge control unit, shown in figure 9-10, is similar 
to the track control unit. It has two cylinders, each con- 
taining a ram that ends in a gear rack. Between the two 
racks is a pinion. When you move the operating lever, it 
turns the pinion shaft and the pinion. The pinion pushes 
one ram up and the other down. The ram that goes down 
will supply fluid, under pressure, to the corresponding ram 
at the track (which now goes up). The ram that goes up 
will draw fluid from the corresponding cylinder at the track 
(which is now going down). 

Fluid travels from one unit to the other through a pair 
of %-inch brass pipes. For most of their length, these pipes 
run below decks. But the risers at the bridge are exposed, 
and must be carefully protected from damage. 

Before you operate the system in local control, make sure 
that the securing pin (or other locking device) is in place 
in the bridge control. And make sure that the corresponding 
device at the track control has been released. Then operate 
the unit exactly as you would operate the Mk 1 local control. 

Before you operate tlie bridge control, make sure that the 
securing devices have been rcmoved from both units. Latch 
the release lever of the track control in its notch in the disc. 
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located on the bridge. Instead, they are installed in the 
after steering room, where they are less exposed to battle 
damage. The only part of the system that^ actually on the 
bridge is the operatores control. This consists of an on-ofp 
switch, a roll button, two indicator lights, and the necessary 
wiring. And on some ships even the operatores control is 
located below decks, in the ASW station. Because the 
hydraulic part of the bridge control is below decks, the pipes 
are shorter, and less exposed to battle damage. 



Figure 9-11.—Diagram of an electric-hydraulic release control system, 
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The motor supplies power faster and smoother than a 
human operator. It can drop more depth charges, more 
reliably, in less time. And if the charges begin to jam on the 
track, the motor will cut out automatically. This gives you 
time to correct the trouble at the track before it gets worse. 

A magnetic control panel is located in the after steering 
room, along with the bridge control and its motor. The 
panel receives and transmits operating signals that come 
from the operatori control panel, and from the reset 
switch on the track. 

As in the other release systems, the track control is 
connected directly to the track mechanism. It responds to 
hydraulic pressure from the bridge control unit. Because 
the burge tank is designed to keep the pipes full of hydraulic 
fluid, it must be mounted at a higher elevation than any other 
part of the hydraulic system. Since the bridge control unit 
is below decks, the surge tank is mounted near the track 
control, and somewhat above it. 

The reset switch at the track is closed momentarily by the 
pressure of the after depth charge as it rolls out of the release 
trap. When the reset switch closes, it reverses the direction 
of the motor, and starts the second half of the release cycle. 
An on—off switch and an emergency rebet button are also 
located at the track. You will use the emergency reset 
button when you test the operation of the motor. During 
this test, you stop the motor in the midst of a cycle. Then, 
to restore the system to its secure position, you press the 
emergency reset button. 

To prepare the Mk 3 Mod 0 release control for operation, 
close the 440-volt power switch on the magnetic control 
panel. Turn the on-off switches, at both the track and the 
bridge station, to on. A red indicator light will now show 
you that the circuit is energized. If the bridge control is in 
its secure position, as it should be, a green light will also go 
on. The system is now ready for operation. 

Figure 9-12 is another view of the motor and hydraulic 
unit of the bridge control. In this figure, the parts face in 
the opposite direction from those in figure 9-11. And the 
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gears and shafts are covered by their housings. In fignre 
9-12 you can also see the stop arm that Controls the action 
of the hydraulic system. 

To release a depth charge, you press the roll button 
momentarily. That starts the motor, which runs clockwise. 
When the motor runs clockwise, it drives the hydraulic Con¬ 
trols to release a depth charge. The motor continues to run 
in this direction until the stop arm comes to rest against the 
limit stop. This puts an added strain on the gears. The 
additional strain trips the torque switch, which stops the 
motor. 

As the after depth charge rolls out of the release trap, it 
closes the reset switch. The reset switch starts the motor 
running in the reverse direction. And the motor drives the 
hydraulic control system through the second half of the 
release cycle. When the stop arm comes to rest against the 
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Fisure 9-12.—Motor and hydraulic unit. 


293 


Digitized by 


Google 


secure limit stop, the torque switch turns the motor off and 
ends the cycle. 

To drop another depth charge, ali you ha ve to do is press 
the roll button again. 

Warning: When you operate the electric-hydraulic release 
control system, either for testing or for actually dropping 
charges, remember that the release lever on the track control, 
and the stop arm on the bridge control, move fast. They 
move fast enough to break your arm if you happen to ha ve 
it in the way. When you operate the system, keep ciear of 
the control units, and see that other personnel keep ciear. 

PROJECTOR 

The depth charge tracks drop their charges in the ship^s 
wake. To throw the charges to the side of ship’8 course, \ve 
use projectors. The early projectors were double-barreled 
Y-guns that threw two charges at once—one on each side of 
the ship. These have been almost entirely replaced by the 
more efficient single-barreled projectors, called K-guns. 
Figure 9-13 shows a modern K-gun—the Mk 6 Mod 1. 

You can use the projector to launch either ashcan or tear- 
drop charges. The depth charge in figure 9-13, of course, is 
an ashcan. To see a teardrop charge on a projector, turn 
back to figure 8-8. 

On modern destroyers you’11 find three (sometimes four) 
projectors on each side of the ship. You can’t train or 
elevate a projector. But you can vary its range by varying 
the size of the impulse charge. The bigger the impulse 
charge, of course, tlie farther the depth charge will go. 

The circular base of the projector is bolted to the deck. 
Just above the base is the expansiox chamber. (Find 
these parts in figure 9-13.) Two tubular extensions rise 
from the expansion chamber. The shorter extension is the 
cartridge chamber; the other is the barrel. At the upper 
end of the cartridge chamber is the breech mechaxism. 
(Figure 9-13 shows it witli its protective cover off.) You 
use the operating haxdle to open the breech for loading, or 
to close it for firing. In the center of the breech plug is the 
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DEPTH CHAROI 



Figure 9-13.—Depth chorge projector Mk 6 Mod 1. 


firing pin; it’s ready to operate as soon as the breech is 
closed. On top of the firing lever is a safety latch which 
you can set in either of two positions— safe, or firing. 

You can fire the K-gun electrically or by percussion. To 
fire electrically you have to close two switches: a master 
switch that Controls ali the projectors, and a firing switch 
that Controls the individual projector. To fire by percussion, 
you pull the firing lanyard. 

The depth charge itself is obviously too big to fit in the 
projector barrel. Instead, you attach the charge to the tray 
of an expendable arbor, and fit the stem of the arbor into 
the projector barrel. (You can see the arbor in figure 9-^13.) 
A chain holds the depth charge on the arbor tray, with its 
center of gravity in line with the barrel axis. 

In a teardrop charge, the center of gravity is not in the 
middle; it’s considerably closer to the nose end. In spite of 
this, you must position the center of gravity in line with the 
axis of the projector barrel. Some arbor trays have adjust- 
able stops to make this possible. For detailed instructions 
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on mounting teardrop charges on the arbor trays, see OP 831, 
and the other OP’s that describe teardrop charges. 

The early arbors remained with the depth charges as they 
sank. The newer types are designed to separate from the 
depth charge in flight. Without the arbor, the charge can 
sink faster and straighter. 

The impulse charges for the K-gun are assembled in 
cartridges; the propellant is spherohexagonal black powder. 
The cartridges are loaded with five different amounts of 
powder. The No. 1 cartridge contains 12^ ounces of 
powder; the No. 2 cartridge, 17 ounces; the No. 3 cartridge, 
25 ounces; the No. 4 cartridge, 8% ounces; and the No. 5 
cartridge, 14 ounces. 

To prepare the projector for loading, first remove the 
drain plug from the expansion chamber, and leave it out. 
Open the breech mechanism. Clean and lubricate both the 
barrel and the arbor stem, using grease OS No. 1350. 

Here are two important safety precautions to observe 
before and during loading: 

1. Set the safety catch on the projector at safe. Leave 
it there until you are ready to fire. 

2. Make sure that the master firing switch is open and 
that the electric lead to the firing pin is disconnected. 

To load a depth charge on the projector you can use 
either of two devices—the roller loader, or the candle- 
stick (or davit) loader. You will probably use the roller 
loader more often. 

Before you load a charge with the roller loader, put the 
arbor stem into the projector barrel. Tum the arbor so 
that the tightener for the securing chain is on the upper 
side of the barrel. Slide the charge from the loader tray to 
the arbor tray, and secure it with the chain. 

When you use the candlestick loader, first secure the charge 
on the arbor. Then swing the charge and arbor into position, 
and carefully lower the arbor stem into the barrel until it 
seats firmly. If you aren’t going to fire immediately, lash 
the charge down securely. 

In time of war, insert the pistol and booster extender 
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immediately after loading, if they aren’t already in place. 
But do not remove the safety cover or the safety fork. 
Leave them in place until just before firing. 

If you expect to fire immediately, put an impulse charge 
in the breech chamber. Close and lock the breechblock. 
Connect the firing lanyard or the electric firing-pin lead, 
whichever you expect to use. The projector (but not the 
depth charge) is then ready to fire. 

When you prepare the depth charge for firing, there are 
several steps that you have to leave until the last practicable 
moment. Immediately before firing, follow these steps: 

1. Take off the plain safety cover at the end of the depth 
charge pistol. 

2. Unlock the safe setting lock by pulling it up and 
turning the index pointer. 

3. Make the depth setting, as ordered. 

4. Just before firing, take the safety fork off the booster 
extender. (Follow the current BuOrd instructions for 
this step.) 

To fire the projector electrically, close the master switch 
and press the firing button. To fire by percussion, stand 
about 8 feet away from the breech, and give the lanyard a 
strong, steady jerk. 

In loading and firing depth charges, carefully follow these 
safety precautions: 

1. Make sure that the breech is open before you load the 
arbor and depth charge. 

2. Until after the breech is closed, make sure that the 
firing circuit is open at the control station, and that 
the firing lead is disconnected from the firing pin. 

3. Unless your ship is in a danger zone, do not keep a 
cartridge in the breech chamber. (You can load the 
cartridge in 10 seconds.) 

4. Unless you expect to fire at once, keep the depth 
charge and arbor lashed to the sea lashing hooks. 

5. Do not fire the projector if there is any oil or water 
in the expansion chamber. Leave the drain plug out 
when you fire. 
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6. Leave the safety fork on the booster extender, and 
keep the pistol locked on safe, until just before firing. 

7 . Don't snap the projector firing pin unnecessarily, es- 
pecially into an empty chamber. If there is a loaded 
cartridge in the chamber, be very careful not to strike 
or bump the firing pin accidentally. 

8. When you test the firing circuit, keep the breech 

OPEN. 

9. If the cartridge misfires, wait a full 10 minutes before 
you open the breech. Then, as you open it, stand to 
one side. 

10. Before you do any kind of work on the projector, check 
to see that the breech is unloaded. 

11. Keep the projector safety latch on safe until you are 
ready to fire. 

12. Never tie the safety fork to anything. Remove the 
safety fork and cover by hand, just before firing. 

TRACK MAINTENANCE 

Depth-charge release tracks are designed for heavy duty. 
If you follow the weekly maintenance routine given below, 
they aren’t likely to get out of order. Cleanliness is probably 
the most important point in the routine. Any foreign mat- 
ter on the tracks, guide rails, pawls, or detents, is likely to 
cause a jam. 

Ice or frost on the track will temporarily put it out of 
commission. Spot heaters will sometimes help to keep the 
mechanisms free of frost. But if conditions are severe, you’11 
have to remove the ice with a steam hose or with a stream 
of warm sea water. 

Here’s the maintenance routine. Go through these steps 
once a week in warm weather (oftener, if it’s cold): 

1. Clean all dirt and foreign matter from all parts of the 
track mechanism. 

2. If teardrop charges are on the tracks, check for faulty 
end rings. If you find a charge with a damaged ring, 
remove it and put it aside for projector launching. 

3. Remove ice and frost as fast as they form. 
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4. Check ali the bearings and moving parts for cleanliness, 
proper lubrication, and freedom of operation. (You 11 
find complete lubrication charts in OP 904.) 

5. Check all bolts for tightness. 

6. Examine all the painted surfaces for corrosion. If you 
find rust or corrosion, remove it with a wire brush. 
Keep these surfaces well painted. 

7. Check all the hvdraulic piping for leaks. At least 
once a month, test it at 500 psi. Check the fluid level 
in the surge tank, and add more fluid if the tank is less 
than half full. 

8. Check all packing for tightness, and adjust if neces- 
sary. 

9. With the release trap empty, and with all the charges 
securely lashed in place, check the operation of the 
release system through several cycles. 

10. Check the alignment of the wiping plates. (The 
proper clearances are shown in figure 8 of OP 904.) 

11. Check the adjustment of the limit stops in the release 
mechanisms. Make sure that the stops are tight. 

PROJECTOR MAINTENANCE 

The projector is a simple mechanism, and its maintenance 
is easy. Keep it clean, dry, and properly lubricated. Paint 
the outside surface as often as necessary. Don’t let oil, 
water, or dirt collect in the expansion chamber. 

Once a day (but not oftener unless you get special orders 
to do so) test the manual operation of the firing mechanism. 
First, load an empty shell casing into the chamber. Then 
pull the firing lanyard and note the action of the firing pin. 
Do not snap the firing pin into an empty chamber. 

Test the electric circuit with the breech open and the firing 
pin retracted. Close the master switch, and the firing 
switch for the individual projector you’re working on. To 
make the test, use a 1-ampere lamp with two leads. Touch 
one lead to the exposed end of the firing pin, and the otlier 
to the breech plug. If the circuit is good, the lamp will liglit. 
If the lamp doesnl liglit, look for a short circuit, an open 
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circuit, or a blown fuse. You can then use a voltmeter to 
look for the source of trouble. But don’t try to use the 
voltmeter in place of the lamp. A voltmeter won’t always 
show loose connections or a partiallv open circuit. 

Remember to open the breech before you make the elec- 
trical test. If you press the firing button when the breech 
is closed, 3 T ou’ll have a short circuit and a blown fuse. 

After firing operations, the breech mechanism will need a 
thorough test and overhaul. You J ll find complete instruction 
in OP 831. Use light oil to lubricate the firing pin assembly, 
and medium oil or light grease for the other parts of the 
breech. 
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QUIZ 

1. What is the main difference between any two mods of the Mk 9 
depth charge release track? 

2. What is the purpose of the wiping plates on a depth charge track? 

3. What is the purpose of the upper detent on the Mk 3 track? 

4. What type of releasing device does the Mk 1 track have? 

5. What kind of depth charge tracks are best adapted to small craft? 

6. Which tracks can you operate by local control only? 

7. In a local track control, how do you unlatch the operating lever? 

8. What is the use of the pinion gear in the hydraulic track control? 

9. When do the rams in a hydraulic track control reverse their direc- 
tion of motion? 

10. What is the purpose of the hydraulic fluid in the track control 
svstem? 

11. Why is it desirable to install the bridge control below decks? 

12. Where is the magnetic control panel of the electric-hydraulic con¬ 
trol system located? 

13. What is the purpose of the depth charge arbor? 

14. What special arrangement must you make for projector launching 
of teardrop charges? 

15 . What precautions must you take before you test the projector firing 
Circuit? 

16. What is the minimum permissible level of the hydraulic fluid in the 
surge tank of the hydraulic control? 
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C H A P T E R 



HANDLING, SHIPPING, AND STOWING 

The things well take up in this chapter are not the most 
interesting parts of your job. We can’t think of any way to 
make them sound exciting. But handling, shipping, and 
stowing torpedoes are essential operations. As a TM 3 or 
striker, you’11 help with this work. As a TM 2 you may 
occasionally supervise some parts of it. You’11 find detailed 
instructions on handling, shipping, and stowing in these 
publica tions: 

Bureau of Ordnance Manual 
Bureau of Ships Manual (chapter 78) 
Ammunition Handling , NavPers 16194 

If you’re preparing for advancement to TM 2, we suggest 
that you study these publications now. If you’re a striker, 
preparing for advancement to TM 3, the short rules we’ll 
give you in this chapter will be ali you’11 need for the present. 

HANDLING 

By now, youVe probably familiar with the various kinds of 
equipment we use to handle torpedoes and their associated 
parts. This equipment includes the torpedo trucks, resting 
chocks, hoisting straps, torpedo sluing tool, nose and tail 
steadying lines, etc. We discussed these items briefly in 
Volume 1. You can find more detailed information in chap¬ 
ter 2 of OP 1217, Torpedo Workshop Equipment and TooU . 

The Bureau of Ordnance Manual puts a lot of emphasis on 
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being careful wken you handle ordnance equipment. Here 
are some of the rules the Manual prescribes: 

Before you try to lift a torpedo, make sure that the hoisting 
strap is around the air flask section. You can not use the 
midship section as a hoisting point. It isn't strong enough 
to hold the weight of the torpedo. 

When you lift a torpedo witk a hoisting strap, the strap 
must pass around the air flask section at the torpedo’s 
balance point. The exact position of this point depends on 
the mark and mod of the torpedo, the amount of fuel and 
water in its tanks, whether it’s fitted with a war head or an 
exercise head, etc. This is something you can learn only 
from experience. But you’11 ha ve plentv of experience before 
you’11 be expected to supervise this operation. 

DonT try to hoist a torpedo when you’re alone—even if 
youYe sure it’s perfectly balanced. There must be enough 
personnel on hand to steady the torpedo at its nose and tail. 
They can do this by hand, or by passing handling lines 
(usually 21-thread manila line) around the tail and through 
the nose ring. 

When you put the torpedo down in a torpedo truck or 
bomb truck, or in chocks, lower it gently. Distribute the 
weight of the torpedo evenly in the chocks. And make sure 
that the midship section doesnT rest in the chocks; the mid¬ 
ship section must not support the weight of the torpedo. 

When you turn the torpedo on the chocks, have some one 
stand near by to listen for abnormal sounds. This practice 
often pays off. It’s helpful in discovering loose leads, 
backed-out screws, and forgotten tools. You might even 
find your lost wrist watch that way. 

When you have to leave a torpedo in a truck or on chocks 
for any length of time, secure it to keep it from moving. If 
the truck or chocks are provided with securing bands or 
clamps, use them. If not, lash the torpedo in place with line. 

The chain falis and hoists that you use in handling tor- 
pedoes need careful attention. Inspect them frequently. 
Before you use them, check them to make sure they’re in 
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good working order. Chain falis and hoists need periodic 
lubrication. Make sure that they gefc it. 

Each time you turn the torpedo, use the sluing bar and 
strap issued for this purpose. Never use the tail vanes to 
turn the torpedo. The tail vanes may look strong enough 
to take the strain, but they aren’t. If you bend them even 
a few degrees, the torpedo will make a faulty run. 

Figure 10-1 is worth careful study. It shows several 
methods of handling the various parts of the torpedo, both 
boxed and unboxed. 



Figure 10-1.—Handling and hoisting torpedoes. 


The war head shell is heavy, and it looks strong. Actually, 
in spite of its weight, the shell is rather fragile. War heads 
must never be rolled. Both war heads and exercise heads 
have nose rings for handling and lifting. If there’s no over- 
head hoist available for moving war heads, use a hand truck. 
You can load war heads on a bomb truck or trailer in a 
horizontal position. But don’t slide them off at the end of 
the ride. Use the nose ring to lift them off. 

War heads should be stowed vertically, if possible, with 
their protecting rings in place. You can stow them horizon- 
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tally if necessary, but only when no other war heads or 
other equipment is stowed on top of them. 

Transferring Torpedoes 

When you transfer torpedoes between a ship and a shore 
station, you’11 load them on a lighter, barge, or tug. You’11 
have to take special precautions to keep the torpedoes 
from shifting in their chocks while youYe under way. 

If a vessel is used regularly to transport torpedoes between 
ship and shore, it should be provided witli the proper securing 
racks and securing gear. The space provided for torpedoes 
should be well protected from the weather. If you take care 
to keep your torpedoes in the proper state of preservation 
during transfer, you’11 save a lot of work in the long run. 

Sometimes your ship may have to furnish its own means 
for transporting torpedoes. You can use a motor launch 
by removing the thwarts and mounting wooden chocks on 
the bottom boards of the launch. Then lower the torpedoes 
carefully into the chocks. 

Transferring a torpedo by towing it through the water is 
a bad practice. There’s no excuse for it except in an extreme 
emergency. After youVe towed a torpedo through the 
water, carefully drain it and lubricate it to prevent rust and 
corrosion. The afterbody and tail will need almost as much 
attention as they do after an exercise run. (See the steps 
for the after-run treatment in chapter 4.) 

SHIPPING 

Torpedoes are shipped in separate sections, in specially 
constructed boxes. Torpedo shipping boxes are ruggedly 
built. They are especially designed to protect the torpedo 
from damage during shipment and handling. Keep the 
boxes in good repair, and retain them for future use. If 
possible, stow them where they will be protected from the 
weather. Inspect each box carefully before you use it. 
If you find that a box has been damaged, and you think it 
might not be strong enough to withstand rough treatment 
during shipping, don’t use it. 
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Here is a list of the boxes provided for shipping the various 
parts of the torpedo: 

1. One box for the air flask section. (You can ship both 
the air flask and the afterbody of a Mk 13 torpedo in 
this box.) 

2. One box for the afterbody, the gyro, the control valve, 
and the torpedo record book. 

3. One box for the exercise head. 

4. One box for the war head. 

5. One box for the exploder mechanism. 

6. One box for the boosters. 

7. One box for the detonators. 

8. As many boxes as needed to ship the torpedo tools, 
spare parts, and washers. 

Preporing Torpedoes for Shipment 

Here is a list of the steps in preparing a torpedo for 
shipment: 

1. Examine each of the shipping boxes carefullv, to 
make sure it’s in good condition. Make any minor 
repairs that you find necessary. 

2. Coat the outside surfaces of the torpedo, and all its 
parts, with preservative or a good grade of heavy 
grease. (Use the preservative prescribed in the OP.) 

3. Spread a coat of heavy grease on the chocks in the 
shipping boxes. Be especially sure that the felt or 
leather pads in the grooves of the chocks are well 
covered with grease. 

4. See that propeller locks are installed on the propellers 
of the torpedo, and that they are secured in place with 
a piece of marlin or twine. 

5. Make sure that the transportation pin is in place in 
the depth mechanism, to keep the pendulum from 
moving on its knife edges during shipment. 

Note. When you install the transportation pin, do 
not set it up tight with tool No. 49. If the pin is 
too tight, it may darnage the pendulum. 
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6. Put the replacement screw, the joint screws, and the 
midship section cover plates in a small bag. Secure 
the bag to the tail of the torpedo. 

7. Oil the gyro with gyro oil, following the checkoff list 
in the OP. Lash the inner gimbal to the outer gim- 
bal ring and cam piate, to keep the inner gimbal unit 
from moving during the shipment. Wrap the gyro 
in wax paper, and put it in the gyro can. To protect 
the gyro from shocks during shipment, stuff the can 
with old newspapers or similar packing until it’s full. 

8. You’11 use a hoisting strap to lower the air flask section 
into the shipping box. Before you remove the strap, 
tie a piece of heavy twine or marlin to one end of it. 
As you lift the hoisting strap ciear of the torpedo, 
untie the marlin or twine and secure it around the 
air flask. This will be a big help in getting the hoisting 
strap around the flask again when it has to be lifted 
out of the box. 

9. If there’s any space left between the torpedo sections 
and the inner sides of the boxes, install wooden blocks 
or wedges to keep the torpedo parts from moving. 
Fasten the blocks or wedges to the boxes with wood 
screws. Do not nail them in place. 

10. Put the joint screws for the exercise head in a canvas 
bag, and secure it to the nose ring of the exercise head. 
This not only will save time—it also will prevent the 
use of the wrong joint screws. 

11. Whenever you remove a war head or exercise head 
from an air flask for handling or stowing, install a 
protecting ring on the base of the head. These pro- 
tecting rings must be in place when the heads are 
shipped. 

Before a torpedo is shipped, its record book must be 
brought up to date, with all overhaul and firing data entered. 
The book should be signed by the torpedo officer of the 
shipping base or ship. 

When you remove the torpedo sections from their shipping 
boxes, look carefully for small parts, such as joint screws and 
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replacement screws, that may have come loose during ship- 
ment. After you remove the torpedo from the boxes, replace 
ali the chocks and blockings, and screw the lid back on. 

STOWING 

Before vou stow a torpedo, thoroughly clean all the rust 
and oorrosion off its outside surfaces. Then coat the outside 
surfaces with the preservative specified in the OP. 

The next step, before stowing the torpedo, is to inspect 
the stowage itself. Make any repairs that you find necessary. 
If the torpedoes will be stored in racks, make sure that the 
dollies, straps, stops, clamps, and battens fit properly and 
work smoothly. After you get the torpedo in place in the 
rack, tighten the clamps and straps. Set the battens in 
place to keep the torpedo from moving. 

In some storages, the torpedoes rest on stationary wooden 
chocks. DoiTt forget to inspect these chocks before you 
stow the torpedoes. If you stow torpedoes in tubes, set 
them up tight against the stop bolts. Tighten the tail 
stops so that the torpedoes can’t move back and forth inside 
the tube. 

MAGAZINE STOW AGE OF UNDERWATER 
ORDNANCE 

Here’s the official definition of a magazine: It's any com¬ 
par tment, space, or locker, thaPs used or intended to be 
used for storage of any kind of ammunition or explosives. 
You can divide magazines into two types—primary maga- 
zines and ready Service magazines. 

Primary magazines are designed to stow a ship’s complete 
allowance of ammunition. Tliey are located below decks, 
and they are always provided with sprinkling or flooding 
systems. 

Ready Service magazines, or compartments, or lockers, 
are designed for temporary storage. They hold only a small 
part of a ship’s total ammunition allowance. Ready Service 
magazines are located convenient to the guns they serve. 
They may or may not have sprinkler systems. 
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If a ship’8 ammunition allowance is increased, so that 
more magazine space is needed, the ready Service magazines 
can be adapted for temporary use as primary magazines. 
These temporary magazines should be made as much as 
possible like the regular primary magazines. This includes 
special attention to ease of supply, protection, and favorable 
storage conditions. For maximum safety, different types of 
explosives should be stored in separate magazines. 

Coolin$ and Ventilation 

On large ships, the magazines are usually insulated if 
they’re likely to be subjected to temperaturos over 110° F. 
(The magazines of destroyers are rarely insulated.) Some 
magazines have mechanical cooling systems. All the others 
are provided with ventilation systems. The supply and 
exhaust ducts are fitted with screens, and with watertight 
closures. It’s important to keep the screens clean at all 
times. The closures must be closed during battle action. 

Whenever the temperature inside a magazine goes above 
90° F, you have to use some artificial means to cool it. Here 
are some rules for ventilating magazines. 

1. Before you turn on the blower, check the temperature 
of the air supply. It’s obvious that ventilation can't 
cool the magazine if the air supply is warmer than the 
magazine itself. 

2. When you no longer need ventilation to keep the maga¬ 
zine temperature below 90° F, secure the ventilation 
and close the watertight closures. 

3. In hot weather, it’s a good idea to run the blower only 
at night, and to secure the ventilation during the heat 
of the day. 

4. You can cool ready Service lockers and boxes by cover- 
ing them with wet burlap bags, or by sprinkling them 
with a hose. 

Sprinkler Systems 

A magazine sprinkler is a system of perforated pipes. 
These pipes are secured to the overhead, and are connected 
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to the fire main. They are arranged to shower all parts of 
the magazine and handling space. The sprinkler will 
quickly cool the compartment and ammunition stowed in it. 
In 1 hour or less, it will completely flood the compartment. 

Some magazines are provided with drains for removing 
the water after flooding. The others have small drain 
pipes in the bulkhead, near the deck. You can pump the 
water out by connecting a small portable pump to the drain 
pipe. 

On older ships, the magazines could be flooded through 
sea valves. The newer magazines can be flooded through 
large pipes connected to the fire mains. 

Lighting 

Magazines are lighted by special, w^atertight fixtures. All 
the switches and fuse boxes for the lighting system are 
located outside the magazines. This is to prevent all 
possibility of ignition by electric sparks. Of course you 
must never, under any circumstances, take matches, naked 
lights, or anything else that can produce a spark or flame, 
into a magazine. 

MAGAZINE STOWAGE OF TORPEDO COMPONENTS 

Torpedo war heads are classed as bomb-type ammunition. 
This class also includes mines and depth charges, as well as 
bombs. This is probably the most dangerous kind of 
ammunition there is. The best way to prevent a disaster 
is by remembering, constantly, that the danger is there. 

Unless it’s needed for immediate use, bomb-type ammuni¬ 
tion should be stored in magazines that contain no other 
kinds of ammunition. And no two types of bomb ammuni¬ 
tion should be stowed in the same space. 

Torpedo war heads are stowed unboxed, with their base 
resting on steel protecting rings. These rings must always 
be attached to stowed war heads, to protect the bulkhead 
flanges from damage. Never stow a detonator, or any 
mechanism containing a detonator, in a war head locker. 
And never assemble a detonator, or an exploder mechanism 
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with a detonator in it, in a stowed war head. (There’s 
only one exception to this rule. In wartime, when action 
is imminent, submarines carry fully ready torpedoes in 
racks near the torpedo tubes.) 

Whenever it ; s possible to do so, stow different types of 
torpedo war heads separately. 

The older types of torpedo war heads were filled with 
cast TNT, and TNT exudate was a serious problem. At 
present, war heads are filled with HBX. And HBX does 
not form exudate. But BuOrd is now developing new types 
of explosives; and in some of these, TNT is one ingredient. 
Some of these new explosives will probably be used in tor¬ 
pedo war heads. We can’t predict whether or not they 
will form TNT exudate, but we suggest that you watch 
for it. 

Remember that any explosive containing TNT should be 
kept as far as possible from wood. When TNT exudate 
soaks into wood, the combination is a low explosive. When 


F^ure 10-2.—Stowing depth chcrge impulse charges. 


/Google 











TNT exudate runs into drains, bilges, or similar spaces, it 
becomes a serious fire hazard. If torpedo war heads or 
depth charges form TNT exudate, put drip pans, partly 
filled with fresh water, under them. 

Impulse Charges 

The impulse charges for torpedoes and depth charges con- 
tain black powder. Never stow them in the same spaces 
with other explosives. Impulse charges must be stowed in 
special lockers, near the torpedo tubes and depth charge 
projectors. Figure 10-2 shows a stowage locker for depth 
charge impulse charges aboard a modera destroyer. 
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Booster Charges 

You remember the sequence of explosions that sets off 
the main charge in the torpedo war head: A small, sensitive 
primer ignites the detonator. The detonator fires the booster 
charge, which in turn explodes the main charge. 

Boosters are usually made up of tetryl or granular TNT. 
Both of these explosives are more sensitive, and easier to 
detonate, than the main charge of cast explosive. Boosters 
are shipped and stowed in sealed metal cans, with wooden 
separators to keep them from jarring against each other. 
Figure 10-3 shows a box of tetryl boosters. 

Boosters are usually stored in separate magazines, which 
are not near magazines that contain bomb-type ammuni- 
tion. If necessary, boosters may be stored with the bomb- 
type ammunition they belong to. Torpedo war head 
boosters may be stored with war heads, and depth charge 
boosters may be stored with depth charges. But this is 
true only when the booster does not contain a detonator. 

Detonators 

The explosive in a detonator is usually fulminate of 
mercury or lead azide. Both these explosives are extremely 
sensitive to shock. Detonators are dangerous to handle, 
and they require special attention in stowage. 

The detonators for torpedo war heads and depth charges 
are stowed in special detonator lockers. In large surface 
ships, and in submarines, these lockers are located below the 
water line or protective deck. In destroyers, and in most 
small surface craft, detonator lockers are above the main 
weather deck. In all ships, detonator lockers are located 
as far as possible from all other explosive charges. Detona¬ 
tors must be carefully protected from fires, steam pipes, and 
all other sources of heat. They should be kept out of places 
likely to receive heavy shocks. And they must never be 
brought near any electrical apparatus. Electric detonators 
must never be stowed in the same compartment with or 
near radio apparatus or antenna leads. 
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Don't stow more than 100 detonators in any one locker. 
No two detonator lockers may be within 10 feet of each other. 

Primers 

Primei*s are sometimes considered a separate type of 
ammunition and stowed separately. More often, they are 
assembled in some other unit of ammunition. 

The main charge of the primer is black powder, which 
may be fired either by percussion or electricity. A firing 
cap is mounted on the base of primers that fire by percus¬ 
sion. The priming mixture in the firing cap usually consists 
of fulminate of mercury. Electric primers contain a fine 
bridge wire. When a current heats this wire, it ignites a 
small charge of guncotton, which in turn ignites the main 
charge of black powder. 

Primers are sensitive to heat and shock, and they require 
careful handling. They should be stowed in airtight con- 
tainers, in a cool, dry space. When they are stowed sepa¬ 
rately, they are kept in small arms magazines or in special 
primer magazines. 


SAFETY PRECAUTIONS 

You’11 find lists of safety precautions in the OP that 
describes each type of torpedo, and in the publications we 
listed at the beginning of this chapter. Safety is so important 
that weVe given it a whole chapter. We suggest that you 
turn to chapter 12 now, and learn the precautions that apply 
to handling, stowing, and shipping. 
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QUIZ 

1. Why must the hoisting strap be placed around the air flask section, 
rather than the midship section of the torpedo? 

2. Why should you never hoist a torpedo when you are alone? 

3. Why should you have some one listen for abnormal sounds when 
you tum the torpedo in chocks? 

4. What equipment should you use to turn a torpedo? 

5. When may war heads be stowed in a horizontal position? 

6. What must you attach to a war head before you stow it? Why? 

7. When is it permissible to transfer a torpedo bv towing it through 
the water? 

8. When you box a torpedo for shipment, what do you do with the 
torpedo record book? 

9. After you’ve lowered the air flask section into its shipping box, 
you should run a piece of twine around the flask as you remove 
the hoisting strap. Why? 

10. When you install wooden blocks or wcdges in a shipping box, how 
should you secure them to the box? 

11. If you stow torpedoes in tubes, what precaution must you observe? 

12. What is the principal difference between a primary magazine and 
a ready Service magazine? 

13. When must a magazine be artificially cooled? 

14. How can you cool ready Service lockers? 

15. When may a stowed torpedo contain a detonator? 

16. What special precautions apply to the stowage of electric 
detonators? 

17. Where can you find lists of safety precautions that apply to han- 
dling, stowing, and shipping? 
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C H A P T E R 



ADVANCED UNDERSEAS WEAPONS 

By “advanced underseas weapons,” we mean mines and 
torpedoes with electronic Controls. Tliis group includes the 
Mk 21 torpedoes, the Mk 24 mine (which is actually a 
torpedo—not a mine), and ali torpedoes with mark numbers 
higher than 26. Most of the advanced torpedoes (but not 
all of them) are propelled by an electric motor and a storage 
battery. 

It’s quite possible that youVe spent several years in the 
Navy without ever seeing an electronic torpedo. Until 
recently, the}’ haven’t reached the Fleet in quantity. But 
that picture is changing fast. Several marks of electronic 
torpedoes are now in production. In the future you can ex- 
pect even newer models, now under development, to go into 
production and reach the Fleet. The ordnance allowance 
lists for all the new submarines call for large numbers of 
electronic torpedoes. 

Does that mean that the air-steam torpedoes are obsolete? 
Not yet. We aren’t going to make any predictions, but we 
think theyll be around for a number of years. The skill that 
youVe built up by repairing and overhauling them isn’t going 
to be wasted. 

What will you, as a TM 3 or 2, have to do with electronic 
torpedoes? In the immediate future, not much. YouTl be 
expected to give a hand with the overhaul, but nobody will 
ask you to repair a complicated electronic circuit. 
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But that picture, too, is going to change. The change wil* 
be gradual, but it will come. The class A school in Newport 
is now teaching basic electronics to TM strikers and TM 3’s. 
You can look forward to the day when all TorpedomanV 
Mates will be qualified electronics technicians. 

If youVe mastered the other chapters of this course, and 
the OP’s listed for you to read, you can pass your written 
examination for advancement to TM 3 or 2. If youVe had 
the actual overhaul experience to go with all that reading, 
you’11 also be able to meet the practical factors. 

In this chapter weVe going to take you a little way beyond 
your present qualifications for advancement in rating. 
WeVe going to give you some background on the weapons 
you 11 be responsible for when you reach the higher rates. 

If you look over the qualifications for TM 1 and Chief 
(beginning on page 367), you’11 have a fair idea of whatV in 
store for you. In any spare time that you can give to pre- 
paring for further advancement in the TM rating, you will 
do well to build up your knowledge of basic electronic theory. 
Back in chapter 1 we suggested that you study the basic 
training course, Electricity , NavPers 10622-B. To advance 
to TM 1, you’11 have to go beyond that. Get a copy of the 
training course Electronics Technician 3 , NavPers 10188, and 
give it as much time as you can. 

Of course a knowledge of theory isn’t going to overhaul 
any torpedoes. In electronics, as in mechanics, you can’t 
go far on books alone. But youTl get practical electronic 
experience in the B school at Newport, in the Advance 
Underseas Weapons school at Key West (if youVe lucky 
enough to go there), and in the torpedo repair shops through- 
out the Fleet. So learn all the electronics theory you can in 
your spare time study. You’11 have plenty of chances to put 
it to use. 

WHAT IS A TORPEDO? 

It may seem late in the course to be asking that question. 
In Volume 1 you learned that a torpedo is a self-propelled 
underseas weapon that carries an explosi ve charge. As you 
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already know, a mine is an underwater weapon, with an 
explosive charge, that is not self-propelled. A torpedo goes 
to its target; a mine waits for the target to come to it. 

But with the advanced underseas weapons, those rules are 
off. Why? First of aJl, there’s the Mine Mk 24. As we 
told you, it’s a torpedo, not a mine. (If you look at a list of 
the Navy’s torpedoes, you’11 see that there is no Torpedo 
Mk 24. There never was.) The Mk 24 “mine” was the 
Navy’s first homing torpedo, and it went out to the Fleet 
during World War II. BuOrd called it a mine simply for 
security reasons. (There’s a very familiar precedent for 
that kind of thing. During World War I, the British de- 
veloped a secret, armored, gun-carrying, self-propelled 
vehicle. For security reasons they called it a “tank.” Ger- 
man spies probably found out that the British were produc- 
ing hundreds of “tanks.” But they did not find out, until 
too late, what those tanks really were.) 

According to the old definitions, a torpedo is self-propelled, 
and a mine isn’t. Then what would you call a weapon thafs 
self-propelled some of the time? What would you call a 
weapon that has some of the characteristics of a mine and 
some of the characteristics of a torpedo? Thafs a confusing 
idea, but for security reasons we’11 have to drop it right there. 
What these hybrid weapons do, and how they do it, is some- 
thing you’11 learn from OP’s, or in the school at Newport. 

The point we’re making is this: BuOrd chooses to call most 
of these weapons “mines.” For practical reasons, the men 
who will repair and overhaul them are not Minemen, but 
Torpedoman’s Mates. So, if you’re asked to study some- 
thing called a “mine,” don’t let it worry you. Nobody’s 
trying to change your rating to Mineman. 

ELECTRONIC TORPEDO CONTROLS 

Why do we have electronic torpedoes? What can they do 
that the older torpedoes can’t do? What can they do better? 

You’ve read about influenee exploders, and you’ve prob¬ 
ably seen one. When the Navy goes into action against an 
enemy fleet, you’11 see a lot of them. You know that an in- 
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fluence exploder can change a near miss into a hit. And, 
better stili, it can place the explosion under the enemy keel 
where it will do the most damage. The influence exploder 
uses a simple electronic circuit. 

In some of the new torpedoes, you make the gyro and 
depth settings electrically. (We mentioned this idea briefly 
in chapter 5.) And the advantages are obvious. The gyro 
settings are more exact than anv you can make by turning a 
spindle. The tube has no spindles for you to withdraw, and 
the torpedo has no setting sockets. You can change both 
settings right up to the instant of firing; the cable cutter 
doesn’t clip the cable until after the torpedo has begun to 
move through the tube. 

How can you make these settings electrically? First, you 
make the setting on the dial of a synchro transmittor (at the 
torpedo control station). Current flows through the cable 
and brings a synchro receiver (inside the torpedo) to the same 
setting as that on the transmitter. The synchro receiver 
Controls a servo motor that makes the gyro or depth setting. 
You can read about synchros in Electricity , NavPers 10622-B. 

Most of the new torpedoes have electric steering and depth 
motors. Some have electric solenoids. This svstem de- 
creases the need for compressed air in the torpedo, and it 
makes the torpedo run much quieter. (Well explain later 
why that’s an advantage.) And a solenoid or electric motor 
is a much simpler mechanism to repair than the depth and 
steering engines of the air-steam torpedoes. 

In the newer torpedoes, the device that “reads” the gyro 
position is electric, ratlier than mechanical. That has several 
advantages: First, the electric device is extremely accurate; 
second, it’s silent, while the pallet mechanism of an air-steam 
torpedo is noisy. 

Electric circuits in the new torpedoes make it possible to 
add several safety features that the air-steam torpedoes don’t 
have. (Well discuss this later.) 

In the whole field of underwater ordnance, perliaps the 
most important application of electronics is in the homing 
torpedo. A homing torpedo seeks its target. If tliere^ no 
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target within range, the homing torpedo will go out and 
“look” for one. If there is a target within range, the homing 
torpedo will steer itself toward that target. And if the target 
ship takes evasive action, the torpedo will chase the target 
nntil it scores a hit. 

Types of Homing 

How can a torpedo chase its target? How can a torpedo 
teli where its target is? All the homing torpedoes now in 
production are acoustic. The homing feature depends on 
detecting sounds that reach the torpedo from the target. The 
torpedo then steers itself toward the source of the sounds. 

We can divide all acoustic torpedoes into two types— 
active and passive. 

Active. An active homing torpedo sends out pulses of 
sound. If there’s a target within homing range, these sounds 
strike the target and the echoes are reflected back toward the 
torpedo. The torpedo steers itself toward these echoes. 

Passive. A passive torpedo sends out no sounds (except, 
incidentally, its own motor and propeller noises). Instead 
of listening for an echo, it listens for the propeller and ma- 
chinery noises of the target ship. And it steers itself toward 
those noises. 

UNDERWATER SOUND 

Since all homing torpedoes depend on sound, we think the 
subject of sound is worth a short review here. 

What is sound? It’s the physical disturbance that 
causes your sensation of hearing. And although it’s true 
that anything you can hear is a sound, there are some sounds 
that you can’t hear. 

Sound Energy 

Anything that vibrates rapidly will make a sound. You 
can easily think of hundreds of examples, such as bells, radio 
loudspeaker diaphragms, and musical instruments. When 
sound travels from one point to another, the energy of the 
vibrations is passed along by the particles of the material in 
which the sound travels. A sound medium is any material 
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substance through which sound energy can pass. It may 
be a gas, such as air; or a liquid, such as water; or a solid, 
such as steel. We said that sound is a physical disturbance. 
It’s a disturbance in a medium—a material body. Sound 
won’t travel through a vacuum. 

Spread o( Sound Waves 

Figure 11-1 will give you an idea of how sound waves 
spread out, through a medium, from a vibrating body. The 
object at the left of the picture is a sonar projector. Its 
right-hand surface is in contact with the sea. The surface 
of the projector is vibrating rapidly. 

Compression Waves 

When it moves forward (to the right in fig. 11-1), the 
projector quickly pushes against the particles of water and 
produces an area of high pressure, or compression. The com- 
pressed particles immediately push against the particles in 
front of them. So the compression wave travels away from 
the projector, through the water. As its surface moves back, 
the projector makes a wave of rarefaction (low pressure). 
And on its next forward movement it produces another com¬ 
pression wave that follows the first. 



Figure 11-1.—Longitudinal sound waves. 
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The projector will send out compression waves, one after 
another, as long as it vibrates. (In figure 11-1, the dark 
bands represent areas of compression.) Unless they hit some- 
thing that absorbs or reflects them, the sound waves spread- 
ing out from the projector will keep on traveling indefinitely. 
But, as you can see in the picture, the farther each wave 
travels, the more area it covers. As each wave travels awav 
from its source it gets weaker, and has less and less energy 
at any given point. That makes it harder and harder to 
detect. 

Speed of Sound 

In any given medium, at any given temperature and pres¬ 
sure, the speed at which sound waves travel is always the 
same. In air, for example, the speed of sound is about 
1,090 feet per second at 32° F. (For each 1° rise in Fahren- 
heit temperature, the speed of sound increases by 1.1 feet 
per second.) 

In pure water, the speed of sound is about 4,708 feet per 
second at 40° F. In sea water, the speed depends on the 
salinity (salt content), the pressure, and the temperature. 
A rough average, at 40° F, is about 4,800 feet per second. 

Vibrati on Rate 

Now let’s take another look at figure 11-1. The picture 
shows what has happened after the projector has vibrated 
twice. Two compression waves have formed and have 
started to move away from the projector. But what would 
the picture look like if we made it big enough to show the 
condition at the end of 1 second? Since the sound waves 
are traveling in sea water, the first wave will be about 
4,800 feet from the projector at the end of 1 second. 

And how many waves will tliere be between the first wave 
and the projector? That depends, of course, on how fast 
the projector is vibrating. If it’s vibrating 1,000 times a 
second, tliere will be 1,000 waves between the first wave and 
the projector. And the projector will send out 1,000 new 
sound waves each second, as long as it keeps on vibrating. 
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Now let’s suppose we make the projector vibrate 2,000 
times a second. What effect will that have on the speed of 
the sound waves? The answer is: None at ali. Regardless 
of hovv many times a second the projector vibrates, the speed 
of its sound waves is always the same. But now, at the end 
of 1 second, we’ll have 2,000 waves between the first wave 
and the projector, instead of only 1,000. 

Frequency of Sound 

Now let’s think of a fixed point a few inches in front of 
the projector. How many waves will pass that point eacli 
second? If the projector vibrates 1,000 times a second, 
1,000 waves will pass the fixed point each second. And we 
can say that the frequency of this sound is 1,000 waves 
(or cycles) per second. 

So we can say this: The speed of sound, in a given medium 
(under any given set of conditions) is always the same. 
But the frequency of the sound can vary; frequency depends 
on how rapidly the source vibrates. 

Does a change in frequency make any difference in the 
way you hear a sound? You probably know the answer: 
The higher the frequency, the higher the pitch of the sound. 
For example, if you strike middle “C” on the piano, you’11 
hear a tone with a frequency of 261.63 cycles per second 
(if the piano’s in tune). If you strike the “A” above middle 
“C” the tone you hear will have a frequency of 440 cycles 
a second. And if you strike the next “A” above that—the 
one an octave higher—the frequency will be 880. 

Now let’s say you blow a low “A” on a flute. The fre¬ 
quency will be 440. But the tone you produce on the flute 
won*t sound like the A-440 you struck on the piano. Why 
not? Because neither instrument produces a tone with just 
one single frequency. In any musical tone one frequency 
predominates. But there are otlier frequencies superimposed 
on it. It’s these other frequencies or overtones that give a 
musical tone its particular quality and enable you to teli one 
instrument from another. But in any musical tone, the 
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combined frequencies make a pattern that repeats itself 
regularly. 

Suppose you slam a door, or drop a book on the deck. 
The resuit is a sound. But there’s nothing musical about it. 
You have so many different points vibrating at once, at so 
many different frequencies, that the sum is a hopeless jumble. 
There’s no musical tone; what you hear is koise. 

DETECTING SOUNDS: TRANSDUCERS 

How can we detect sounds? The obvious answer is—by 
ear. When sound waves enter your ear, you hear them. 
But, as we told you, there are some sounds you can*t hear. 
If the frequency of sound waves is less thaii 16 cycles a 
second, or more than 18,000, you can’t hear them. (These 
limits vary somewhat from one person to another.) To 
detect sounds outside tliat range, we need a special device— 
a transducer. A transducer is any device that changes 
one form of energy into another—in this case, sound energy 
into electrical energy. 


Hydrophones 

The most familiar kind of transducer for this purpose is a 
microphone. Or, if it’s designed to work under water, it ? s 
called a hydrophone. A homing torpedo uses hydrophones 
to detect the sounds made by, or reflected from, the target 
ship. The output of the hydrophone is an electric current. 
Since the hydrophone intercepts only a very small part of the 
sound that comes from the target, the current is small. And, 
since the sound waves are a rapid alternation of high and low 
pressure, the hydrophone output is an alternating current. 

As you probably know, we can use electronic circuits to 
amplify weak alternating currents and make them stronger. 
Radio receivers are based on that principle. And we use the 
same principle in the homing torpedo. The hydrophone 
output is fed through an amplifier before it goes to the 
control mechanisms. And you’re the one who’11 do the 
troubleshooting on these amplifier circuits. 
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DESCRIPTION OF A HOMING TORPEDO 

We’re going to give you a very short description of a 
passive homing torpedo. Most of tbis description will apply, 
in a general way, to several marks now in production. 
But don’t assume that it applies to all of them. And, for 
security reasons, we’ll have to skip all the details. You can 
get them from OP’s. 

Like the Mk 18 torpedo, a homing torpedo has a war 
head, a battery section, an afterbody, and a tail. But, thaPs 
not all. Mounted in front of the war head is an ogival nose 
section. (The war head is nearly cylindrical.) Most of the 
circuits of the homing mechanism are in the nose section. 

The motor and the control mechanisms are in the after¬ 
body, as you’d expect. The gyro is of the rundown type, as 
in the Mk 18. But in the homing torpedo, an electric motor, 
rather than a jet of air, brings the gyro up to speed. As we 
told you earlier, there’s no pallet mechanism. Instead, an 
electric device reads the position of the gyro. And this 
device sends its electric steering orders, through relays, to 
the steering solenoids. 

The depth mechanism has a diaphragm and pendulum. 
But it’s smaller and more compact than the depth mecha¬ 
nisms youVe been working on. And the depth engines, 
like the steering engines, are solenoids. 

Most homing torpedoes have no drive gears; the drive 
shaft couples the motor direetly to a single, three-bladed 
propeller. The older torpedoes, of course, have two pro- 
pellers. And for a good reason. The spin of a single pro¬ 
peller tends to spin the whole torpedo in the opposite 
direction. Homing torpedoes have two ways to solve that 
problem. In one type, the torpedo is unbalanced on one 
side. The pull-around balances the twisting force of the 
propeller. In another type, there are four skewed fins 
between the normal tail fins. These skewed fins give the 
torpedo a twist to balance that of the propeller. 

Why do some homing torpedoes have only one propeller? 
Because one propeller makes a lot less noise than two. The 
homing torpedo homes on noise, and we have to keep it quiet 
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to keep it from chasing its own tail. Getting rid of the extra 
propeller, the drive gears, the pallet mechanism, and the 
compressed-air depth and steering engines, helps the homing 1 
torpedo to run quietly. 

Unlike the Mk 18, the homing torpedo carries no air flasks. 
Since all the control mechanisms are electric, we don’t need 
compressed air to operate them. And because the exercise 
torpedoes have positive buoyancy, we don’t need air to blow 
the head at the end of the run. 

Homing Feature 

Two pairs of hydrophones are mounted on the ogival 
surface of the nose. The port and starboard pair control 
homing in a horizontal plane. 'The other pair, on the top 
and bottom of the ogive, control the vertical homing. 

What happens when the hydrophones detect a noise? 
Let’s consider just the port and starboard pair. Each 
hydrophone, you remember, puts out a small electric current. 
And that current is strengthened by an amplifier. From 
the amplifiers, the two currents go to a circuit that compares 
their strength. If the current from the port hydrophone is 
stronger, the circuit sends a steering signal that orders left 
rudder. The torpedo then turns in the direction of the noise. 
And of course if the current from the starboard hydrophone 
is stronger, the circuit orders right rudder. 

Let’s fire an imaginary warshot to see how the homing 
feature works. The torpedo runs deep in the water—some- 
where between 50 and 225 feet, depending on the type. The 
depth mechanism is in control and keeps the torpedo at its 
running depth. And, if tliere’s no target within homing 
range, the gyro has control of the steering. The torpedo 
runs on the gyro course. 

Suppose there’s a target dead ahead. The target noise 
will be equally loud at the port and starboard hydrophones. 
So the two hydrophone outputs will cancel each other. The 
torpedo will stay on its gyro course. And, as long as the 
target is dead ahead, the torpedo is sure to score a hit. 

Now let’s suppose that the target lies on the port side of 
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the gyro course, within homing range. Now the target noise 
is louder at the port hydrophone than it is at the starboard 
hydrophone. The homing circuits will do two things. 
First, they will open the gyro circuit, so that the gyro will 
no longer have control. Second, they will order left rudder. 

The torpedo will turn toward the target. And it will keep 
turning until the target is dead ahead. Then the hydrophone 
outputs will cancel each other again, and the gyro will take 
over. Since the torpedo is heading left of the gyro course, 
the gyro will order right rudder. The torpedo will turn to 
starboard. It will keep turning until the sound at the port 
hydrophone is louder than the sound at the starboard hydro¬ 
phone. Then the homing circuits will take over again, and 
order left rudder. And the torpedo will turn back toward 
the target. 

So, as you can see, the homing torpedo weaves its way 
toward the target. But the actual amount of weaving is 
small. The torpedo’s course is fairly close to a straight line. 

During most of the homing run, the torpedo stays at its 
regular running depth. But when it gets close to the target, 
the sound that reaches the upper hydrophone will be louder 
than the sound that reaches the lower one. When that 
happens, the homing mechanism opens the depth-mechanism 
circuit. And it gives depth control to the upper and lower 
hydrophones. So, during the last part of its attack run, the 
torpedo is homing both horizontally and vertically. 

Safety Features in a Homing Torpedo 

Every torpedo has built-in safety features. And these 
features have one purpose: To protect the firing ship. In 
Volume 1 you learned that the exploder is “safe” during the 
first part of the torpedo run. The torpedo can’t explode, 
even if it strikes a target. 

During the first part of the torpedo run, the exploder arms. 
The impeller, through a gear train, lifts the detonator out of 
the safety chamber and into the booster cavity. By the 
time the torpedo is able to explode, it has traveled from 200 
to 400 yards away from the firing ship. 
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In inertia exploders that fire eleetrically, the eleetric Cir¬ 
cuit is usually open until the detonator reaches the booster 
cavity. 

At present, all U. S. Navy homing torpedoes use inertia 
exploders that fire eleetrically. So homing torpedoes have 
two safety features in their exploders. But homing torpedoes 
have several other safety devices that you won’t find in the 
older torpedoes. The most important of these are the 
enabling feature, the ACR Circuit, the SC Circuit, and 

the DEPTH DISARMER. 

Enabling Feature. This is a mechanical device that 
arms the homing circuits. During the first part of the run, 
the homing circuits are out of operation. The torpedo will 
stay on its gyro course, even if it passes close to a noisy tar- 
get. So there’s no danger that the torpedo will horne on 
the ship that fired it. 

The enabling device is operated by a gear train. After 
the torpedo has traveled a safe distance from the firing ship, 
the gear train closes a switch that puts the homing circuits 
in operation. (The gear train gets its power from the tor¬ 
pedo^ drive shaft, not from the impeller.) The gear train 
is adjustable, so that you can change the length of the 
enabling run. (But BuOrd has recommended a Standard 
enabling distance. That’s the one you’11 use unless you get 
orders to change it.) 

ACR (anti-circular run) Circuit. This is an electronic 
device that keeps the torpedo from circling back toward the 
firing ship. A circling torpedo is always dangerous. You 
can see that a circling homing torpedo would be extremely 
dangerous—especially if it got back near the firing ship 
after the exploder and homing mechanism had armed. The 
ACR circuit keeps that from happening. 

You know that a torpedo weaves back and forth across 
its gyro course. The gyro orders left rudder until the tor¬ 
pedo crosses the gyro course. And then it orders right rud¬ 
der until the torpedo crosses the course again. The rudder 
rarely stays in one position longer than a second or two. 

The ACR circuit is a timer that keeps track of how long 
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the rudder stays in one position. And if the rudder stays 
in one position long enough to make the torpedo turn through 
an angle of 90°, the ACR circuit shuts off the motor. Then 
the torpedo sinks. 

After the torpedo has reached a safe distance from the 
firing ship, the ACR circuit goes out of action. Then the 
torpedo is free to circle, if necessary, to chase its target. 

SC (safety cutout) Circuit. The SC circuit gives added 
safety. If you accidentally set the enabling distance at zero, 
or if trouble develops in the ACR circuit, then the SC circuit 
will stop the torpedo’s motor. And the torpedo will sink. 

Depth Disarmer. This is another safety feature that 
you’11 find on some homing torpedoes. It opens the circuit 
to the exploder detonator when the torpedo crosses a certain 
depth. To see how it works, let’s think of a submarine, 
deep in the water, firing a torpedo at a surface target. As 
long as the torpedo is belovv a certain depth—say 60 feet— 
the detonator circuit is open. In its final attack run, when 
the torpedo rises above 60 feet, the detonator circuit closes; 
the exploder will operate when the torpedo hits the target. 
As long as the submarine stays below 60 feet, it’s safe. The 
torpedo can’t explode if it strikes a target deeper than 60 
feet. 

When an aircraft or a surface ship fires a torpedo at an 
enemy submarine, it uses a different type of depth disarmer. 
With this one, the torpedo exploder is armed when it’s 
below 60 feet, and disarmed when it’s above that depth. 
With this one, surface ships are safe. The exploder can't 
work until the torpedo gets down into submarine territory. 
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QUIZ 

1. In what way is a homing torpedo like a guided missile? 

2. What means of propulsion do most homing torpedoes use? 

3. Where can you get detailed information on U. S. Navy homing 
torpedoes? 

4. Explain the difference between passive and active homing. 

5. Why do some homing torpedoes have onlv a single propeller? 

6. What features help to make a homing torpedo quieter than an 
air-steam torpedo? 

7. What is a hvdrophone? 

8. What does the enabling feature do? 

9. What is the ACR cireuit? What does it do? 

10. What is the SC circuit? What does it do? 
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C H A P T E R 



SAFETY 

This is a review chapter. It lists some of the safety regu- 
lations and safety precautions that youVe already learned. 
Use it now, and 6 months from now, and a year from now, 
to check up on your safety habits. 

WeVe included the precautions we think are most impor¬ 
tant, but the list is far from complete. If checking through 
this list shows that youVe forgotten some of the precautions 
you learned earlier, you need a more complete review. Go 
through the safety rules listed in the OP’s and read the 
pamphlet called BuOrd Safety Precautions , dated 29 October 
1948. Then read the safety orders in Navy Regulations and 
the Bureau of Ordnance Manual. 

Most safety precautions will fall into one of three classes: 
those that keep your torpedoes and equipment in working 
order, those that protect your torpedoes and equipment from 
physical damage, and those that protect personnel from injury 
or death. Obviously, the last one is the most important. 

We haven’t divided the precautions in this list into classes. 
Ali of them are essential. In battle action, the difference 
practically disappears. A dud torpedo, or a broken tube, 
can endanger the life of every man aboard. 

You are responsible for your personal safety and for the 
safety of the equipment you work with. That goes without 
saying. As you advance in rating, you will have more and 
more men working under your supervision. You then will 
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be responsible for their safety, too. Enforcing safety pre- 
cautions is one of your most important duties. If a man 
handles Navol carelessly, he’s risking his life. But if you 
sce a man handle Navol carelessly, and do nothing to stop 
liim, thcn you are risking his life. 

Maybc youVe never done any mountain climbing, but 
you know it’s a dangerous sport. The professional guides 
who takc climbing parties into the mountains report a sur- 
prising thing. The most dangerous man in the party isn’t 
the beginner, because the beginner is afraid. And of course 
it isn’t tlic experienced climber, who has learned to take 
every step with caution. The most dangerous man on a 
mountain is a partly experienced climber who is absolutely 
fearless. Why? Because a cocky climber is likely to slip 
when a slip is least expected, and endanger the life of every 
man on his rope. 

In the torpedo sliop, you have a situation that’s very much 
the samc. Who is tlie most dangerous character in the 
torpedo sliop? It isn*t the beginner. The beginner is likely 
to be so afraid of high explosives that he handles them with 
elaborate caution. And it isn’t the TMC, who has learned 
to make caution a habit. The most dangerous man in the 
torpedo shop is likely to be you. 

Why? Because familiarity often leads to carelessness. 
The partly experienced Torpedoman’s Mate may think, “IVe 
been handling high explosives for 2 years, and nothing has 
happened. High explosives can’t be very dangerous.” That 
kind of reasoning always leads to trouble. 

You know that tlie Chief Torpedoman’s Mate works 
safely. And youVe probably noticed that a big fish is 
liarder to catch than a little one. But it isn’t being big 
that makes a fish cautious. It’s just the other way around. 
A careless fish doesn’t live long enougli to get big. 

As you gain experience, and become more and more famil- 
iar with explosives, compressed air, electricity, and acids, 
you’ll liave to fight the tendency to get careless. Keep 
fighting until safety becomes a habit that you can’t break. 

Here are the checkoff lists for your safety habits. As you 
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read them, remember that most safety rules have grown out 
of some past casualty. By following these rules exactly, 
you can prevent future casualties. 

And, as you read each rui e, ask yourself why such a pre- 
caution is necessary. If you don’t know the answer, look 
through this course, or the OP’s, until you find it. 

GENERAL RULES 

1. If you don’t understand the exact meaning of any 
safety order, ask your senior petty officer or department 
head what it means. If he doesn’t know, he will find out, 
through the commanding officer, from BuOrd. 

2. If you find any conditions that conflict with the safety 
orders, or make it advisable to change them, report the 
matter through channels to BuOrd. If you have any sug- 
gestions for adding to or improving the safety orders, send 
your suggestions through channels to BuOrd. 

MAGAZINES AND EXPLOSIVES 

1. Safety orders and instructions shall be posted in a con- 
spicuous place in each part of the ship where ammunition 
is stored or handled. Ali personnel are required to study 
and understand these instructions. 

2. Never stow anything in a magazine except explosives, 
containers, and authorized magazine equipment. 

3. Magazines must be absolutely clean and dry at ali 
times. Be especially careful to keep them free of oily rags, 
waste, and other materials susceptible to spontaneous 
combustion. 

4. Don’t take naked lights or matches (or anything else 
that can make a flame) into a magazine or any other com- 
partment that contains explosives. 

5. Before you do any work that will cause an abnormally 
high temperature or intense local heat in a magazine, or in 
any other compartment that contains explosives, you must 
first remove the explosives to safe storage. Keep them there 
until normal conditions have been restored. 
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6. During action and during target practice, the magazine 
blowers must be shut down. Covers of both the supply and 
exhaust branches to the magazines must be closed. 

7. The two classes of explosives—detonators and war 
heads—must never be stowed in the same magazine or 
compartment. 

8. Intense heat will detonate cast TNT and other high 
explosives. Protect torpedo war heads from intense heat at 
all times. 

9. Don’t assemble any detonator, or any firing mechanism 
that contains a detonator, into a war head that is stowed in 
or near a magazine containing explosives. 

10. During firing, no ammunition shall be taken from the 
magazine except that required for immediate firing. 

11. Always keep black powder by itself. Never take out 
more than you need for immediate use. Never open a Con¬ 
tainer of black powder in a magazine, or near any Container 
that holds explosives. 

12. Pyrotechnic material shall always be kept by itself, in 
regular pyrotechnic storage spaces or in pyrotechnic lockers 
on the upper decks. When you use it, expose the least 
possible amount. 

13. Keep the outsides of cast TNT containers free from 
exudate. Don’t let the exudate accumulate on decks, or 
come in contact with wood, linoleum, or other materials it 
can soak into. Remove TNT exudate before it hardens. 
Never scrape it up with a Steel scraper, and never use soap 
or an alkaline solution. You can usually remove the exudate 
with plain water and a stiff brush. If the exudate has hard- 
ened, use carbon tetrachloride as a solvent. 

14. Never keep eleetric detonators in a compartment with 
or near radio apparatus or radio antenna leads. 

15. When you test a primer outside of a closed firing lock, 
never use a magneta, or any other device that can possibly 
supply enough current to fire the primer. 
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TORPEDOES 

1. When any torpedo material is damaged, report it 
through channels to BuOrd. (That will enable BuOrd to 
issue instructions to prevent similar damage on other ships.) 

2. Never make any change or alteration in torpedoes, or 
torpedo equipment, or in any other ordnance device, without 
specific authorization from BuOrd. 

3. When a safety device is provided for use during any 
operation, it must be used when you are performing that 
operation. Keep your safety devices in good condition; they 
must be operable at all times. 

4. When a torpedo is turned while it’s on a truck or in 
chocks, listen for abnormal sounds. If you hear such sounds, 
find the cause and correct it. 

5. Never use the torpedo tail to turn the torpedo. Always 
use the sluing tool and strap provided for that purpose. 

6. Keep the propeller locks in place on the torpedo except 
when you Ve loading it into a tube for firing, or test-running 
the engine. 

7. Never leave a torpedo on trucks or chocks, or in a tube, 
without properly securing it. 

8. When you handle torpedoes, always apply the strain in 
lifting to the heavy part of the air flask shell. 

9. Keep the chain falis or purchases used for hoisting tor¬ 
pedoes in good condition. 

10. When you do any work on a torpedo tube that requires 
drilling the tube, always remove the torpedo from the tube 
before you start the work. 

11. When you Ve testing torpedo engines, never run them 
at full speed in the torpedo. Before you test-run an engine, 
make provision for shutting it off quickly. 

12. Hot runs of torpedoes shall be made only in the course 
of normal launching from tubes or aircraft, or in approved 
dynamometer tanks. Hot running of torpedoes under any 
other conditions is strictly prohibited. 

13. When you transport gyro gears from one place to 
another in the same vicinity, carry or pass them by hand, 
with great care. 
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14. The gyro must never be installed in the gyro mecha- 
nism during transportation or storage. 

15. A leaky or punctured torpedo torch pot is dangerous. 
A trace of moisture can make it burst into flame. Inspect 
your torch pots regularly. If you find one that’s damaged, or 
badly corroded, or bulging at either end, throw it overboard. 

16. Throw defective torch pots overboard in the open sea 
only. Never throw a torch pot overboard when ships or 
boats are being fueled. 

17. Never stow a torch pot below decks. 

18. When you use a torch pot for an exercise shot from a 
submarine, don’t take it below decks until just before firing. 

19. Don’t take a torch pot aboard a submarine until you’re 
ready to use it for firing. Torch pots should be stowed on the 
tender or at the base—never aboard the submarine. 

20. If possible, always keep torch pots at least 20 feet from 
any gasoline Container. 

Air Flask and Fittings 

1. Never charge an air flask above the pressure designated 
on the flask, even if subsequent cooling will reduce the 
pressure to that designated. 

2. If the working pressure is reduced for any reason, the 
new pressure must be stamped on the flask near the charging 
valve. 

3. Air flasks must not be artificially eooled after charging. 
Don’t spray them with water, or flood the torpedoes in the 
tubes. 

4. Charging lines and test lines must be equipped with 
safety straps to prevent injury to personnel and material if 
threads on the wing nuts or test connections carry away. 

5. Before you connect the charging line, be sure the stop 
valve is closed. Leave the tool on the valve. 

6. After you connect the charging line, secure the safety 
strap around the torpedo before you close the bleeder valve 
or open the charging line valve. 

7. When the flask is charged to the proper pressure, close 
the stop valve, then close the charging line valve, then open 
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the bleeder valve. Do all this before you remove the 
safety strap. 

8. Avoid sharp bends or twists in the charging lines. 

9. Keep your portable copper charging lines and test con- 
nections pliable by annealing them as often as necessary. 

10. Never let a charged air flask st and in direct sunlight. 
Cover it, and leave an air space between the cover and the 
air flask. 

11. When a torpedo air flask is charged, hang a danger 
sign on the torpedo to keep inexperienced personnel from 
touching it. 

12. Torpedo air flasks shall not be hoisted from submerged 
torpedo rooms, struck below, transferred, or shipped while 
charged. (The only exception is when you get orders to 
transfer a fully ready torpedo.) 

13. When you transfer a torpedo from one vessel to 
another, or from shore to ship or ship to shore, the air flask 
should hold just enough air to keep the bulkheads seated — 
approximately 100 psi. During transfer, the torpedo should 
carry a tag to show the pressure in its air flask. 

14. When the torpedo air flask is charged, never open the 
main stop valve rapidly. (The sudden compression of air in 
the main line may generate enough heat to explode oil vapor 
in the liiie.) 

15. When you open the stop valve, open it wide. (But 
don’t jam it open.) In electric torpedoes, leave the valve 
wide open; in air-steam torpedoes, back it off one-eighth of 
a turn. 

16. When you receive a torpedo aboard, check the stop 
valve to be sure it's closed before you do anything else. 
Check the valve again before you assemble or disassemble 
the air flask (or battery compartment) to or from the after- 
body. 

17. After a deck run (in preliminary adjustment) be sure 
to close the stop valve. 

18. When you load a torpedo into a tube, do not fully open 
the stop valve until just before the valve enters the tube. 
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Always close the stop valve before you withdraw the torpedo 
from the tube. 

19. When you make any test on a torpedo, always control 
the air from the stop valve. 

20. When you test the operation of a reducing valve, build 
up the air pressure slowly, and keep your face ciear of the 
bonnet. If the outlet pressure needs adjusting, shut off the 
air supply before you tum the adjusting screw. 

21. When you blow down an air flask, use the flask drain. 
Never blow down rapidly through the stop valve and regu- 
lators. 

22. Before you blow down the air flask through the blow 
valve, remove the war head. 

23. Never cut a torpedo air flask, accumulator, piping, or 
any other receptacle for compressed air. 

24. Don’t use any liquid but hot water to clean the interior 
of an air flask. Never use lye water or other alkali, or gaso- 
line or other volatile liquids, inside the flask. 

25. Don’t leave excessive oil in the valve groups after an 
overhaul. If you use kerosene for cleaning, remove all traces 
of it. 

EXERCISE FIRING 

1. Exercise firing should be done only under favorable 
weather conditions. This minimizes the chances of losing the 
torpedo wake and of damaging the torpedo during recovery. 

2. Whenever possible, exercise torpedoes should be fired 
early in the day so there will be plenty of time to recover 
them during daylight. 

3. A torpedo shall not be fired if it is in such condition that 
it will probably be lost. 

4. During exercise firing, the diving boat must be fully 
equipped and ready for Service (if the water is shallow 
enough for diving). 

5. No torpedoes shall be fired when a di ver is down. Wait 
until he is up and ciear of the range. 

6. In recovering a sunken torpedo, the diver must close 
the stop valve and put on the propeller lock if it’s possible to 
do so. 
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7. When you recover a torpedo in the water, put the 
propeller lock on as soon as you can. Keep it on until the 
torpedo is safely landed. 

8. When you go alongside a floating torpedo in a boat, be 
careful to keep the torpedo ciear of the boat propeller. 

9. Always approach a floating torpedo on the lee side, to 
keep the boat from drifting against the torpedo or over it. 

10. Torpedoes in tow of boats must be towed by the head. 

11. When you recover an electric torpedo after an exercise 
shot, feel the battery compartment for warm spots to see if 
there’8 a fire inside. If you think there’s a fire, get a carbon 
dioxide fire extinguisher ready. Keep your hands well ciear 
of the poppet valve; to open the valve, use a long stick. 

12. When you open or ventilate the afterbody of a Navol 
torpedo after recovery, be sure that no flame or naked lights 
are present. After a cold run or a partial cold run, an 
explosive mixture of oxygen and fuel vapor often filis the 
afterbody and exhaust spaces. 

13. When you remove the torch pot from an exercise head 
after an exercise run, put it in a safe place to burn out. 

Electric Torpedoes 

1. WTien you work with the battery, or any part of the 
battery circuit, use only insulated tools. 

2. If you have rubber gloves, put them on before you make 
or break any electric connection in the torpedo, or before 
you touch any part of the electric circuit. Whether you’re 
wearing gloves or not, be careful not to get your hands or 
tools across the terminals. 

3. Always tum off the air before you adjust the motor 
starting switch after a test. 

4. Whenever you separate the afterbody and battery com¬ 
partment, tape the main motor leads. 

5. Before you give the motor a deck run, install a propeller 
guard if one is available, If none is available, stay ciear of 
the tail, and see that others stay at a safe distance. 

6. Before you connect the leads from test panels to the 
motor terminals, see that the main switch at the motor test 
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panel is off. Start the motor by applying 10 volts, then 
graduahy raise the voltage until the motor is running at 
1,660 rpm. 

7. Don’t smoke around the battery compartment, and 
don’t let any one else do so, either. 

8. Ventilate the battery compartment before you make 
or break any electric connection inside it. 

9. Ventilate the battery compartment before you remove 
or change the battery, or before you put your hands in the 
compartment for any reason. (If you ventilate by opening 
one or more hand holes, ventilate for half an hour. If you 
use low pressure air for forced ventilation, ventilate for 3 or 4 
minutes.) 

10. If the torpedo is in a rack, leave the No. 6 hand hole 
cover off to permit natural ventilation. (Cover the hole 
with a screen to keep out dirt and foreign objects.) 

11. Ventilate the battery compartment with low pressure 
air (through the ventilation fitting) 24 hours after you load 
the torpedo into the tube, and every 48 hours thereafter. If 
the temperature in the battery compartment is 95° F or 
more, ventilate every 24 hours. 

12. Check the hydrogen burner circuit every hour. See 
that 4.5 to 5.0 amperes are flowing. 

13. Tum the hydrogen burner off before you ventilate the 
torpedo. If the hydrogen burner has been off for an hour or 
more, ventilate the torpedo before you turn the burner on. 

EXPLODERS 

1. Exploder mechanisms and detonators must be handled 
only by specially trained or experienced personnel. 

2. When you remove a detonator from an exploder mecha- 
nism, be sure it’s fully housed in the safety chamber. 

3. Before you install a detonator in an exploder, be sure 
the mechanism is cocked and unarmed. And be sure the 
scribe marks are in the line between the detonator holder and 
the safety chamber, and between the arming screw and the 
arming gear. 
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4. After you overhaul or repair an exploder that fires elec- 
trically, cover the terminals and exposed wires with three 
coats of insulating varnish. (Otherwise moisture may cause 
premature firing.) 


CHEMICALS 

1. Never use gasoline or other volatile liquids for cleaning 
when you are in a closed space. 

2. Don’t use a carbon tetrachloride extinguisher to fight a 
fire in a closed space. When carbon tetrachloride strikes hot 
metal, it generates a deadly poisonous gas. 

3. When you mix battery acid, always wear splash-proof 
goggles. Mix the solution in an acid-proof Container, such 
as a hard rubber vat. 

4. When you mix acid and water, pour the acid into the 
water, slowly, while stirring. Never pour water into 

STRONG ACID. 

5. Never handle Navol, or do any work on the connections 
of a filled Navol tank, when you’re alone. At least one other 
person familiar with Navol must be present. 

6. When you handle Navol, or do any work on a Navol 
tank, wear rubber gloves, rubber apron, rubber boots, and 
protective goggles. Have a Container of clean fresh water 
handy. And have a hose lead out, with water running. 

7. A shower head should be installed in any compartment 
in which Navol is handled regularly. The shower valve 
should be operated by a pull chain, so you can turn the water 
on instantly—even with your eyes closed. 

8. When you spill Navol—even a few drops—on your skin 
or clothing, flush it off immediately with plenty of water. 
(A few drops on your skin can cause a painful burn. A few 
drops on your clothing may set it afire.) 

9. After an exercise run, the torpedo may stili contain a 
quantity of Navol—especially if the run was short. Drain 
the Navol into a Container until the Container is one-fifth 
full. Then shut off the drain valve. Dilute the Navol with 
as much water as the Container will hold without slopping. 
Then dump the mixture into the sewer or drainage line. 
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10. Don’t let Navol mix with any other fuel or fuel vapor. 
These mixtures form highly unstable explosives. If such a 
mixture occurs, flush with large quantities of water (prefer- 
ably fresh). Never pour it into a drain or sewer without 
diluting it. 

11. Keep Navol tanks, fittings, pipes, and other imple- 
ments and containers free of dirt, oil, grease, and other con- 
tamination. 

12. When you connect Navol tank leads on a full tank, 
allow for ship motion or other factors that might cause 
spillage. 

13. To measure the temperature of Navol, use a gas bulb 
thermometer. If you have to use a mercury or alcohol ther- 
mometer, insert it only in a small sample. 

14. If you draw a Navol sample for any reason, never re- 
turn it to the tank. Dilute it and discard it when you’re 
through with it. 

15. Touch Navol containers frequently to detect any ab- 
normal changes in temperature. 

16. If a Navol fire occurs, extinguish it with large quanti¬ 
ties of water. Smothering-type extinguishers such as C0 2 
will do no good, since Navol fumishes its own oxygen. 

17. Navol tanks and shipping drums are made of alumi¬ 
num. They have very little structural strength. Handle 
them carefully. 

MINES, DEPTH CHARGES, ETC. 

1. Current instructions teli how to prevent accidental 
arming or launching of mines, depth charges, and aircraft 
bombs in storage or in handling. But safe practice requires 
that when you handle a mine, depth charge, or aircraft bomb, 
you should handle it as if it were armed. 

2. Never remove, disassemble, repair, or alter the fuze, 
firing mechanism, or primer mechanism of a depth charge, 
mine, or aircraft bomb, except in accordance with special 
orders or current instructions from BuOrd. 

3. Detonators that are not assembled with fuzes shall be 
stored only in standard-type detonator lockers located in 
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approved places. In large surface craft and submarines, 
these places shall be below the water line or protective deck. 
In small surface craft, they may be above the weather deck 
or in the mast. 

4. Defective depth charges, mines, and aircraft bombs shall 
be tumed in to an ammunition depot at the first opportunity. 

5. Smoke boxes that misfire, or that have been in the 
water, shall not be taken on board ship, or into any building 
or structure ashore. 

6. If you must enter a concentrated smoke cloud, wear a 
gas mask. 


DEPTH CHARGE PROJECTORS 
Projector Mk 6 Mods 1 and 2 

1. Before you load an arbor and depth charge, make sure 
the breech is open. 

2. Until the breech is closed and locked, see that— 

a. The firing key or switch is open at the control 
station. Or that— 

b. The firing cable at the firing pin is disconnected. 

3. Don’t keep a cartridge in the breech chamber except 
when the ship is in a danger area. 

4. Do not fire a projector if water or oil has collected in 
the expansion chamber. 

5. Keep the depth charge pistols set on safe until you 
are ordered to prepare the charge for firing. 

6. Do not snap the firing pin unnecessarily, especially 
when the chamber is empty. 

7. TeST THE ELECTRIC CIRCUIT ONLY WHEN THE BREECH 
IS OPEN. 

8. Be careful not to hit the firing pin accidentally while a 
cartridge is in the chamber. A light blow on the firing pin 
may explode the cartridge. 

9. If a misfire occurs, wait 10 minutes before you open the 
breech. Then, as you open it, stand to one side. 

10. Before you do any work on the projector, see that the 
breech is unloaded. 
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11. Don’t tie a depth cliarge safety fork to the projector or 
to any part of the ship’s structure. 

Projectors Mk 10 and Mods; Mk 15 and Mods 

1. All projector operations must comply with Navy Regu- 
lations , and with the instructions and warnings in the 
Bureau of Ordnance Manual. 

2. Before you do any work on the mount, remove the 
safety plug and firing key from their receptacles in the firing 
panel. Never install the firing key or safety plug (except to 
test the circuit) until all personnel except the mount captain 
are ciear of the mount. 

3. Always remove the safety plug before you make a 
circuit test on a loaded projector. And, after a circuit test, 
always remove the plug before you shift the firing panel 
transfer switch from its “T” position to its “S” position. 

4. Remember that whenever the controller motor terminal 
boxes (and some of the equipment covers) are open, live 
440-volt leads are exposed. (Mk 15 and mods.) 

5. Always keep the firing panel dry. 

6. The 440-volt power drive supply must be open at each 
controller before anyone mounts the projector for loading or 
maintenance work. (Mk 15 and mods.) 

7. Before anyone mounts the projector to load it, always 
secure the cradle and the carriage by seating their locking 
devices. 

8. Never shift the elevating or training gear hand drive 
selectors to hand position until the electric power supply is 
cut off at the controllers. 

9. Never leave the projector loaded while the vessel is in 
port. 

10. Always remove the mount covers before you release 
or start any equipment. 

11. Always remove the spigot covers before you load the 
projector. 

12. Test-tilt the cradles to see that the charges do not 
interfere with one another. But, 
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13. Do not tilt the cradles unless half of the spigots on each 
cradle are loaded. 

14. Ne ver tilt the cradles while personnel are inside the 
cradle frame. 

15. Always make sure that the mount and the signal are 
synchronized before you shift to power drive. (Mk 15 and 
mods.) 

16. Before you leave a control point to investigate a power 
failure, turn the power switch off. 

17. When charges are on the spigots, ciear all personnel 
away from the blast area before you insert either the safety 
plug or the firing key into its receptacle. 

Projector Ammunition 

1. When any projector charge is so rusted or damaged 
that ship’s personnel can’t fix it, it should be turned in as 
soon as possible to a shore activity issuing that type of 
ammunition. 

2. Inspect daily the ammunition on the spigots and in the 
ready boxes. See that the fuzes have not become armed or 
partially armed. And see that the safety pins are properly 
assembled in the fuzes. 

3. If you find an armed fuze, make it safe for handling by 
carefully screwing the arming vane backward (counterclock- 
wise as you look at the nose of the fuze). Turn it as far as it 
will go without forcing. If the plug has become unscrewed 
from the fuze body, carefully screw the plug body clockwise 
(looking at the nose of the fuze) as far as it will go. Don’t 
jar or move the fuze until it has been made safe. After 
you’ve made an armed fuze safe for handling, gently lower 
the charge into deep water. (If there is a botnb-disposal 
bfficer available, he will take charge of this operation.) 

4. Don't try to remove an armed fuze from a projector 
charge. 

5. Never grasp a fuze by its arming vane. When you 
install a fuze in a projector charge, don’t use a pipe wrench or 
any other tool on the plug, setback collar, or arming vane. 
(If you do, you may arm the fuze.) 
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6. Do not assemble fuzes to charges until just before you 
put tkem in ready stowage, or until just before loading. 

7. Never interchange bodies and tails of charges. Remem- 
ber that the weight of the propellant depends on the over-all 
weight of each charge. 

8. Never do any overhaul work on a projector charge with- 
oufc first removing the fuze. 

9. Don’t let any one tamper with a fuze. 

10. Lower the charges on the spigots gently, and make sure 
each charge is seated. After each charge is in place, give it a 
360° tum. 

11. Leave the fuze caps and safety pins in place until just 
before firing. 

12. Do not discard the fuze caps and safety pins until after 
the charges are fired. 

13. When use of the projector is no longer imminent, re- 
place the fuze caps and safety pins. 

14. If a charge remains on a spigot after completion of the 
firing cycle, hold the firing key down, tum the ripple switch 
clockwise through its full rotation, and then release it. If 
the charge stili remains on the spigot, treat it as a hangfire. 

15. In case of misfires or hangfires, keep ali personnel at a 
safe distance, regardless of whether the safety plug and the 
firing key have been disconnected. 

FIRST AID 

A knowledge of first aid is one of your military require- 
ments. Since this course is intended to be a professional guide 
rather than a military guide, we won’t give the subject much 
space here. But this is a review chapter. We hope you’11 
re-read it at regular intervals. For that reason well briefly 
discuss the first-aid techniques you’re most likely to need 
in the torpedo shop. These are the treatment for bums 
(including Chemical and electrical burns), and the treatment 
for electric shock. 

By following all the safety rules, and by seeing that the 
men under your supervision follow them too, you can reduce 
the chances of a serious accident almost to zero. But acci- 
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dents sometimes happen even to men who are being careful. 
And when an accident happens, quick first aid will often save 
a life. 

First aid is the temporary treatment you give to an acci¬ 
dent victim while you’re waiting for the medical ofBcer or 
hospitalman to arrive. Its purpose is to prevent any further 
injury, and to turn the victim over to the medical officer in 
the best possible condition. 

If you’re the senior petty officer present when an accident 
occurs, take charge at once. Send some one for the medical 
officer or hospitalman. But don’t go yourself. The victim 
needs all your attention at once. Of course you have to 
know what to do, and you have to know before the accident 
happens. If a man spills sulfuric acid on his arm, you won’t 
have time then to read a book to find out what to do. If you 
act fast, there will probably be no permanent effects. If you 
delay, he may be scarred for life. 

Chemical Bums 

The first treatment is to get the Chemical off the victim^ 
skin, to keep it from doing any further damage. Flush it 
off with water— lots of water. If the Chemical is Navol, 
treat the bura as you would any other bum. (See below.) 
If it’s an acid or an alkali, youll have to neutralize it 
before you apply the usual burn treatment. 

To neutralize an acid, flush with soap suds, or lime water, 
or a solution of baking soda in water. (But don’t use wash- 
ing soda; washing soda itself can cause a bura.) To neutralize 
an alkali, flush with vinegar, or a solution of lemon juice in 
water. 

When a man splashes Chemical in his eyes, he needs fast 
treatment. A few seconds delay can mean the difference 
between recovery and blindness. The first treatment, of 
course, is lots of water. If you’re near a scuttlebutt that 
squirts a stream of water upward, have the victim lean over 
it and squirt water into his eyes. If there’s no scuttlebutt, 
have him lie on his back, while you pour cupfulls of water 
into his eye. His eye will probably be clamped shut, and he 
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will be unable to open it. You’ll have to hold it open with 
one hand while you pour water with the other. 

To neutralize acid in the eye, use a weak solution of lime 
water or baking soda. To neutralize an alkali, use boric acid 
solution. (Boric acid is one of the few acids that are harm- 
less; it will not cause a burn.) 

In the last three paragraphs weVe mentioned several 
antidotes: lime water, baking soda solution, vinegar, lemon 
juice, boric acid solution. You won’t have time, after an 
accident, to look for baking soda or squeeze lemons. Make up 
your antidotes ahead of time. Keep them handy in any 
compartment where you liandle acids or alkali. And see that 
every man in the shop know r s where they are. 

Treatment (or Bums 

For a severe bum, the proper treatment depends on how 
soon you expect medical aid to arrive. If you expect a 
doctor or hospitalman within a few hours, cover the burn 
with a pad of sterile gauze. Over the pad, put a layer of 
absorbent cotton or clean mechanici waste. Secure the 
dressing with a firmly wound gauze bandage. 

If there’s no chance that a doctor or hospitalman will 
arrive within 8 hours, sprinkle the burned area with sulfa 
powder. Don’t use more than 2 packets (10 grams). Then, 
very gently, spread a layer of sterile vaseline over the 
bum. Cover with a dry sterile dressing, and bandage it 
firmly in place. Finally, give the patient a sulfadiazine 
tablet to swallow. 

Whatever you do, don’t apply strong antiseptics, ma- 
chinery oil, or other greases. And don't prick or break the 
blisters. A broken blister opens the way to infection. 

If the burn is very painful, you can administer the con- 
tents of a morphine syrette. (Never give morphine to an 
unconscious man.) The syrette is a collapsible tube with a 
hollow needle at one end. The needle is covered with a 
glass tube, to keep it sterile. Remove the glass just before 
you’re ready to use the syrette. A wire with a loop in one 
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end runs through the needle. Push the wire in to break the 
seal; then pull the wire out and discard it. 

The best place for an injection is on the outer side of the 
upper arm, or the outer side of the thigh. Make the in¬ 
jection where the skin is uninjured —not in the burned 
area. Paint the injection area wdth alcohol, or some other 
antiseptic. If you ha ve no antiseptic, wash the area and 
dry it. 

Push the needle through the skin and into the muscle. 
Squeeze out the contents of the syrette. Then withdraw 
the needle, and throw the syrette away. Tag the man to 
show that you’ve given him morphine, and record the time 
on the tag. If the first dose doesn’t ease the pain within an 
hour, give a second dose and record it on the tag. 

Watch the victim carefully for signs of shock. If shock 
symptoms appear, start the treatment at once. 

Treatment for Shock 

Shock is a depression of the vital processes. The nervous 
system loses control of the blood vessels. Blood circulation 
is poor, and the body loses heat rapidly. Shock can be 
caused by an electric current, by a bum, or by any serious 
injury. 

If the shock is severe, the patient will probably be uncon- 
scious. Whether he’s conscious or not, his breathing will be 
faint and irregular, his pulse weak and fast. His skin will 
feel damp and cold. His face will be pale, and if he’s 
conscious he will probably look scared. 

Stretch the victim out on his back in the most comfortable 
place you can find. (But don’t take the time to move him 
more than a few feet.) Loosen any tight clothing. Keep 
him comfortably warm witliout overheating him. Wrap 
him in coats or blankets, if necessary, and wrap them around 
so that they are underneath him, too, not just spread out on 
top. If you use hot water bottles, test them first against 
your face to make sure they arenT too hot. 

If the victim is conscious, you can give him a warm drink— 


349 

Digitized by 


Google 



coffee, tea, chocolate, or warm water. Bufc don’t try to 
make him drink if he’s unconscious. 

ELECTRIC SHOCK 

In cases of electric shock, the first step is to remove the 
victim from the source of current. When you get an electric 
shock, you leap away automatically. When you get a shock 
on the hand, you snatch your arm away by reflex action, 
even before you realize what’s happened. You may have 
heard that an electric current will sometimes “grab” the 
victim, and hold him tight. That is pure superstition. 
No electric current has ever grabbed anybody. 

But the superstition has some basis in fact. There are 
two situations in which the victim may be unable to get 
away from the current under his own power. He may be 
knocked unconscious—either by tbe current or by bumping 
something in his effort to get away from it—and fall across 
the hot wire or connection. Or, if he has grasped a hot 
wire, the current may have contracted the muscles of his 
hand so that he can’t open it. (In that case the victim has 
grabbed the current; the current hasn 7 t grabbed him.) 

If either of those things has happened, get him away from 
the current at once. Shut off the power at the source, if 
thatfs possible; if not, use a wooden board or pole to push the 
wire away from the victim. You’11 have to be extremely 
careful not to become a victim yourself. Don’t stand where 
it’s wet. If there’s water on the deck, stand on a dry 
board, or a mattress, or a pane of glass. Don*t touch the 
victim with your bare hands while he’s in contact with a hot 
connection; the current will flow through his body and then 
through yours. If you have to pull him away from the 
current source, wear heavy rubber or asbestos gloves. If no 
gloves are available, protect yourself with several thick- 
nesses of dry blanket or heavy clothing. 

The victim of an electric shock will probably show the 
usual shock symptoms. Give him the same treatment you 
would for any other kind of shock. His skin may be burned 
at the point of contact. Treat this burn the same as you 
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would any other bum. After a severe electric shock, the 
victim may stop breathing. If breathing stops, forget about 
the shock and the bum; start artificial respiration at 
once. And don*t stop until the victim begins to breathe 
naturally, or until the medical officer or hospitalman takes 
over. 

ARTIFICIAL RESPIRATION 

There are several methods of artificial respiration. The 
Schaefer prone-pressure method was widely used for many 
years, and you’re probably familiar with it. In the British 
navy they use the Eve method, in which the patient is lashed 
to a stretcher and rocked over a fulcrum. That’s fairly easy 
on the patient, and the operator doesn ; t need much skill. 
In the Sylvester method, the patient lies on his back. The 
operator rhythmically stretches the patiente arms outward, 
then lets them fall back beside his chest. The Sylvester 
method is effective, but the operator needs a lot of strength 
and endurance to keep it up very long. 

As far as you’re concemed, these three methods are 
obsolete. Tw.o new methods of artificial respiration are now 
Standard in the Department of Defense, the Public Health 
Service, and the American Red Cross. These are the bAck- 
pressure arm-lift method, and the back-pressure hip- 
lift method. If you aren’t familiar with these two methods, 
learn them now. (If youVe already learned them, practice 
regularly to keep up your skill.) 

Back-Pressure Arm-Lift Method 

This is the preferred method. Turn the victim face down. 
Bend both his elbows, and put one of his hands over the other. 
Tum his face so that it rests on his hands. Sweep your 
fingers through his mouth to remove anything that may 
obstruet his breathing, such as dirt, false teeth, tobacco, and 
chewing gum. Bring his tongue forward, so it can’t clog 
the air passage. 

Kneel at the patienti head, facing him, with your knee 
close to his head. Put your other foot near his elbow. If 
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you find it more comfortable, you can kneel on both knees, 
one on each side of his head. When you get tired you can 
change from one knee to the other, or from one knee to both. 

Place your hands on the patienfs back, just below his 
shoulder blades, with your fingers spread down and out, and 
with your thumb-tips nearly touching. Part A of figure 12-1 
shows the right position. Study the picture carefully to be 
sure you don’t get your hands up too high on the patienfs 
back. 

Now rock forward until your arms are nearly vertical. Let 
the weight of the upper part of your body apply a slow, 
steady pressure. Keep pressing until your hands meet firm 
resistance. (This action compresses the patienfs chest, and 
forces air out of his lungs.) Keep your elbows straight, and 
your arms nearly vertical, as in part B of figure 12-1. Don’t 
push too hard, and don’t apply any sudden pressure. 

Release the pressure quickly, by peeling your hands off 
the patienfs back. You may be tempted to give an extra 
push just before you remove your hands. But don’t do it. 

Now rock backward. Let your hands come to rest on the 
patiente arms, just above his elbows. (C in fig. 12-1.) 
As you rock back, pull his arms up and toward you. Keep 
your arms nearly straight. (Part D of fig. 12-1.) Lift until 
you feel resistance and tension in the patienti shoulders. 
Your lifting action relieves the weight on the patienPs chest; 
his chest sags, and draws air into his lungs. 

Now lower his arms to their original position. This 
completes one cycle. Repeat this cycle about 12 times a 
minute—once in 5 seconds. The exact timing isn’t impor¬ 
tant. But keep a smooth, steady rhythm. 

Back-Pressure Hip-Lift Method 

This is an alternate method. It’s fully as effective as the 
first one, but it’s more tiring for the operator. Use it when 
there isn’t room for the arm-lift method, or when the patienfs 
arms, chest, neck, or shoulders have been injured. 

Turn the victim face down, with his elbows bent and his 
face resting on the back of one hand. Stretch out his other 
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Fisure 12-1.—Back-prewure arm-lift method. 





Figure 12-2.—Back-pressure hip-lift method. 






arm, with his hand beyond his head. Figure 12-2 shows the 
right position. Sweep your fingers through his mouth to 
clean out anything that might obstruet his breathing. 

Kneel on either knee, straddling the patient near his hips. 
Place your hands on his back, below the shoulder blades, with 
your fingers spread out and down, and your thumb tips 
nearly touching. Be careful not to get your hands too high 
up on his back. (Part A of fig. 12-2.) 

Now rock forward, and let your weight force the air out of 
the patienPs lungs. Keep your arms straight, and nearly 
vertical. (B, fig. 12-2.) Don’t exert any sudden or exces- 
sive pressure. Release the pressure quicklv, without any 
extra final push. 

Rock back. Slip your hands under the patienti hips, as 
in part C of figure 12-2. Do not grasp him by the waist. 
If you can’t feel the hip bones, your hands are in the wrong 
place. 

Lift the victin^s hips 4 to 6 inches. (Fig. 12-2, part D.) 
This lets his abdomen sag, and draws air into his lungs. 
Keep your elbows straight as you lift, so that muscles of your 
back and shoulders can do the work. You’11 find this less 
tiring than lifting with your arms. 

Finally, lower the victim’s hips. This completes one 
cycle. 

As with the arm-lift method, repeat the cycle about 12 
times a minute, and keep up a steady rhythm. 

General Rules 

Here are a few rules that apply to both methods of arti- 
ficial respiration. 

First of all, don’t give up. Start artificial respiration 
immediately, and keep it up without interruption until the 
patient is breathing normally, or until he is pronounced 
dead by a medical officer. 

Keep him suitably covered, so that he won’t die of ex- 
posure. 

Don’t let bystanders crowd around. 
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As he begins to revive, he will begin to get back his color. 
Then his muscles may begin to twitch, and his fingers to 
scrateh and clutch. Sometimes swallowing movements are 
the first sign of returning respiration. His first attempt to 
breathe will probably be a sigh or a faint catch of breath. 
Be very careful not to exert pressure when the patient is 
trying to get his first breath. If he begins to breathe on his 
own, adjust your timing to help him. Synchronize your 
efforts with his. 


QUIZ 

This quiz includes only a few sample questions on safety. To make 
it complete, we would have to ask at least one question about each pre- 
caution listed in the chapter. But, as we told you, you can make your 
own quiz. If you haven’t already done so, go through the lists now and 
ask yourself why each precaution is necessary.. 

1. Name three sources, besides this course, in which you can find lists 
of safety precautions. 

2. Why should a TM 3 or 2 be especially careful to observe all the 
safety precautions? 

3. If you don’t understand the exact meaning of a safety order, what 
should you do about it? 

4. Under what conditions may you store detonators and war heads in 
the same magazine? 

5. Which of the following may be used to clean up TNT exudate? 
Stiff brush, steel scraper, water, soap, wooden scraper, lye, carbon 
tetrachloride. 

6. Under what conditions may you make an alteration in torpedoes 
or torpedo equipment? 

7. When is hot running of torpedoes on deck permitted? Why? 

8. In loading a torpedo into a tube, when do you open the stop valve? 

9. What liquids may be used to clean the inside of an air flask? 

10. Why should you approach a floating torpedo from the lee side? 

11. What precaution must you observe in opening the poppet valve of 
an electric torpedo after recovery? 

12. In preparing battery acid from sulfuric acid and water, should you 
pour the acid into the water, or the water into the acid? 

13. What should you do if you spill Navol on your skin? 

14. Which two methods of artificial respiration have been approved by 
the Department of Defense? 

15. Which of these methods is preferred? When should you use the 
other one? 


356 

Digitized by 


Google 



APPENDIX I 


ANSWERS TO QUIZZES 

CHAPTER 1 

ELECTRICITY 

1. Two amperes of current are flowing through the Circuit. 

2. The volt; the ohm. 

3. Length, diameter, kind of material, temperature. 

4. (a) 4,200 volts 

(b) 0.016 volt 

(c) 0.421 ampere 

(d) 0.000002 ampere 

(e) 700,000,000 ohms 

5. The wiring diagram uses pictures to represent the Circuit elementa; 
the schematic diagram uses symbols. The wiring diagram shows 
the location of the various elements; the schematic diagram may 
or may not show the elements in their actual positions (but it 
always shows how they’re connected together in the Circuit). 

E E 

- 6. /=- R = 7 E=IR 

R 1 

7. 0.00001 ampere (or 10 microamps.) 

8. Answer: 200 ohms. First, use Ohm’s law to find the voltagc 
drop across the three known resistances. The total resistanceof 
the three is 300 ohms, and the current is 0.02 amps. Then 

E=IR= 0.02X300 = 6 volts 

The total drop around the Circuit is 10 volts; therefore, the 
voltage drop across R A is 10 minus 6, or 4 volts. Use Ohm’s law 
to find the resistance of R 4: 

E 4 

R=— = — 7 = 200 ohms 
I 0.02 

9. (a) 4 volts (b) 4 volts (c) 4 volts 

10. Zero. There is a voltage drop across a resistance only wlien a 
current is flowing through it. 

11. Use Ohm’s law to find the current—2 amps. Then, to find the 
power, use the formula 

P= EX /=48X2 = 96 watts 

(No carbon resistor can dissipate that much power; you’d need a 
very large wire-wound resistor to handle this job.) 
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12. When you increase the resistor of R 3t you increase the voltage 
drop across it. Since the total voltage drop remains unchanged, 
the drop from a to b will decrease. (If this isn’t ciear to you, 
prove it by using OhnTs law to analyze the Circuit.) 

13. 37,000 ohms; 1 watt; 5 percent. 

14. 100 ohms. 

15. (a) by adding a suitable resistance in series with the coii. 

(b) by adding a suitable resistance in parallel with the coii. 

16. Connect it in parallel with the element. 

17. In series with the element. 

18. Use a meter of the proper range; always connect it in series 
with the Circuit resistance; ne ver connect it in parallel. 

19. Open the Circuit, so that no current is flowing through the ele¬ 
ment. If the element is connected in parallel with others, dis- 
connect one end of it from the Circuit. 

20. When you're through using it, tum off the switch. 

21. By measuring its potential with a voltmeter, and by measuring 
the specific gravity of its electrolyte with a hydrometer. 

22 . Don’t overshoot. Withdraw the least possible amount of elec¬ 
trolyte. 

CHAPTER 2 

THE ELECTRIC TORPEDO 

1 . It allows excessi ve air pressure in the afterbody to exhaust into 
the battery space; at the same time, it keeps the air of the battery 
space from entering the afterbody. 

2. Air in the battery space is likely to contain hydrogen. If it entered 
the afterbody, the hydrogen might be exploded by a spark from 
the motor switch or the armature brushes. 

3. So there will be no high voltage between adjacent cell connectors. 

4. If the current is too low, the hydrogen eliminator can’t burn the 
hydrogen as fast as it comes from the battery. If the current is 
too high, the life of the burner element will be short. 

5. The hydrogen eliminator works by combining the hydrogen with 
oxygen. When it has used up the oxygen in the battery space, 
it can no longer function. 

6 . 90 horsepower at 1,660 rpm. 

7. Because a series motor quickly comes up to full speed, even when 
starting under a heavy load. 

8 . The gyro coasts on its own momentum. 
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CHAPTER 3 

TORPEDO DISASSEMBLY AND OVERHAUL 


1. Adjustments, upkeep routines, after-run treatment, overhaul. 

2. The adjustments, upkeep routines, and after-run treatment are 
performed aboard fighting ships. Torpedo overhaul must be done 
on tenders, or ashore. 

3. To keep the torpedo in top condition—ready to fire—while it’s 
stored in the tube or rack. 

4. To prepare the torpedo for a second exercise shot, or to preserve 
it from further deterioration until it can be overhauled. 

5. Overhaul involves hundreds of operations that you must perform 
in the right way, in the right order, with the right tools, and 
without skipping any steps. 

6. Disassemble the torpedo and clean all its parts; inspect all the 
parts for defects; repair or replace the defective parts; reassemble 
the parts, with the proper clearances and the proper lubrication; 
test the operation of the individual mechanisms; test the opera- 
tion of the torpedo as a whole; treat the parts to protect them 
from rust and corrosion. 

CHAPTER 4 

TORPEDO ADJUSTMENT AND MAINTENANCE 

1. A storage tank for high-pressure air. 

2. They remove moisture from the air before it entere the torpedo. 

3. The safety strap will keep the charging nut from being violently 
blown out of the torpedo if the threads should carry away. 

4. It vents the air between the charging stop valve and the torpedo 
stop valve. 

5. Wait for it to cool naturally. Never try to cool it artificially. 

6. Hang a sign on it, to show that it’s charged. Don’t hoist it from 
a submerged torpedo room, or strike it below. Protect it from 
shock, heat, and direct sunlight. 

7. The metals the two surfaces are made of, the smoothness of the 
surfaces, the area in contact, the pressure and clearance between 
the surfaces, the operating temperature, and the operating speed. 

8. The proper lubricant for each part of the torpedo is specified in 
the checkoff lists. 

9. In the OP that describes the Mk 14 torpedo. If your ship has 
its own lubrication chart, you will be provided with a copy. 
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10. It keeps air and moisture from reaching the metal surface, and 
thus protects it from rust and corrosion. 

11. When you expect the temperature to drop below freezing. 

12. Too much alcohol in the water will make the combustion flask 
overheat during the torpedo run. 

13. When the temperature drops below 40° F. 

CHAPTER 5 

ABOVE-WATER TUBES 

1. Hold and protect the torpedo; provide a means for setting the 
torpedo control mechanisms; launch the torpedo ciear of the ship; 
start the torpedo in the right direction; start the torpedo’s main 
engine and gyro. 

2. Advantages of fixed mounts: simpler construction; less topside 
weight; require no deck space. Advantage of trainable mounts: 
can be trained to or near the torpedo course, and therefore require 
less gyro angle. 

3. It supports the rest of the mount, and provides a pivot for it to 
turn on. 

4. Disassemble; clean; reassemble; check and adjust their height. 

5. They support the torpedo until its tail is ciear of the main barrel. 

6. You can train the mount manually by turning the handwheels. 

7. It keeps the mount from whipping when you fire the wing barrels. 
It’s operated by impulse gas piped from the breech end of the 
barrel. 

8. All of them, of course. 

9. Before you load a torpedo, make sure that both the torpedo and 
the tube are set for intermediate speed. Never leave the T-handle 
in its down position. 

10. It keeps spray and dirt out of the barrel. 

11. It lifts the stop bolts, and admits a charge of compressed air into 
the breech end of the tube. 

12. (If the operation of the firing mechanism isn’t ciear to you, go 
through the discussion in the text again. It starts on page 143.) 

13. The muzzle door must be fully open, and the breech door must be 
closed and locked. 

14. These settings are made electrically, through a control cable, from 
the torpedo control stat ion. 

15. Open the breech door. 
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CHAPTER 6 

SUBMERGED TUBES 


1. In both nests, breech doors open bv swinging away from the boatis 
centerline, and muzzle doors open by swinging toward the center- 
line. 

2. Most of the parts are not interchangeable. Left-hand and right- 
hand tubes are not identical. One is a mirror image of the other. 

3. The guide stud slot runs the length of the upper land in the 
torpedo tube. It engages the guide stud of the torpedo, to keep 
the motori starting torque from spinning the torpedo in the tube, 
and to ensure proper alignment of the depth- and gyro-setting 
sockets. 

4. On the inside surface of the breech door. It holds the torpedo 
tight against the stop bolt to keep it from moving back and forth 
in the tube. 

5. They protect the doors and help to lower water resistance against 
the hull. They open automatically when you open the muzzle doors. 

6. On older submarines, you operate the muzzle doors by hand. 
Newer tubes use hydraulic power. (But you can operate the 
doors by hand if the hydraulic svstem fails.) 

7. Flood the tube by opening the tube vent valve and the blow 
valve of the WRT tank. When the tube is flooded, close both 
valves. After you fire the torpedo and close the muzzle door, 
drain the tube by venting the WRT tank and opening the tube 
blow valve. When the tube is completely drained, close both 
valves. 

8. The one nearest the breech was used with torpedoes that are now 
obsolete. Use the one nearest the muzzle. 

9. In some installations the breech door mechanism actuates the 
tnpping iatch. The latch is lowered when you close the door, 
and retracted when you open it. On other tubes, the firing- 
interlock lever actuates the tripping latch. It lowers the latch 
when you move it to the tube ready to fire position, and retracts 
the latch when you move it to the muzzle door unlocked position. 

10. As you load the torpedo into the tube, just before the starting 
lever enters the tube. 

11. So that gyro-angle settings can be made right up to the instant of 
firing. 

12. To prevent a very sudden increase in pressure, which might damage 
the torpedo afterbody. 

13. The gradual rise of the lifting cup, and the air cushion between 
the lifting cup and the check valve. 


325961°—55 - 24 


361 


Digitized by 


Google 



14. So impulse air will ha ve time to leak past the ring of the lifting 
cup and fili the space above the cup. 

15. The roller of the roller trip unit bears against the torpedo. When 
the torpedo moves out from under the roller, the trip unit releases 
the operating unit that opens the poppet valve. 

CHAPTER 7 

TORPEDO FIRE CONTROL 

1. The line of sight, the target track, and the torpedo track. 

2. Sight angle—the angle between the line of sight and the torpedo 
track. 

3. Because of target motion during the time of the torpedo run 
(unless the target is standing stili). 

4. The angle between the target track and the torpedo track. The 
most favorable track angles are 90° and 270°, because the target 
is then broadside to the torpedo at the point of impact. The least 
favorable are 0° and 180°, because the torpedo must then hit the 
target from dead ahead or dead astern. 

5. Track angle. A favorable track angle increases your chances of 
getting a hit. Almost any sight angle will be suitable. 

6. When the balance nut on the torpedo gyro is properly set for the 
latitude in which the torpedo will be fired. 

7. The captain determines the intercept offset, to allow for the 
probable maneuvering of the target during the torpedo run. 

8. A salvo of torpedoes fired on slightly different courses, so that 
they will fan out and cover a large area. 

9. Straight fire with spread gyro angles, and curved fire with spread 
gyro angles. 

10. Bt —target angle, between the fore-and-aft axis of the target and 
line of sight, measured from the target’s bow. 

B —true target bearing, the angle between the north-south line 
and the line of sight, measured from north. 

Bgy —the gyro angle, between the tube axis and the final torpedo 
track, measured from the outboard end of the tube. 

Btr —track angle, between the fore-and-aft axis of the target and 
the final track of the torpedo, measured from the target*s bow. 

Co —own ship’s course, the angle between the north-south line 
and the fore-and-aft axis of own ship, measured from north to 
own ship’s bow. 

Ds —basic sight angle, between the line of sight and the final 
torpedo track, measured from the line of sight. 
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11. To ensure a very fast, very accurate solution. On a surface ship 
it*s the torpedo director; on a submarine, the torpedo data com¬ 
puter. 

12. Own ship’s course and relative target bearing. 

13. Target speed, torpedo speed, intercept offset, target course, and 
latitude correction. 

14. Torpedo course order and gyro angle; they go to the torpedo 
course indicator at the tube mount. 

15. (a) Train the scope on the target. 

(b) Match the pointers on the bearing receiver. 

16. This is true when the bugs and zero lines on the dials of the gyro 
angle indicator-regulator are matched. 

CHAPTER 8 

DEPTH CHARGES 

1. As cylindrical (ashcan) and streamlined (teardrop) types. 

2. As hydrostatic percussion and influence types. 

3. Water pressure expands the bellows of the booster extender, which 
moves the booster inboard until it surrounds the detonator. 
Water pressure expands the bellows of the pistol, compressing the 
firing spring and then releasing the firing pin, which snaps into 
the detonator and fires it. 

4. Cast TNT or HBX. 

5. Because it’s very hard to determine the exact position and depth 
of a submerged submarine, a single depth charge would have 
little chance of damaging it. A large pattern of charges has 
a much better chance. 

6. By dropping them from tracks. 

7. By firing them from projectors. 

8. Replace them with the knobbed fork and cover. 

9. Remove them by hand at the latest practicable moment before 
firing. 

10. Counterclockwise. 

11. Clockwise. 

12. It allows settings greater than 300 feet. 

13. At 100. 

14. Water pressure. 

15. They automatically remove the knobbed safety fork and safety 
cover as the charge drops. 
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CHAPTER 9 


DEPTH CHARGE TRACKS AND PROJECTORS 

1. Length. 

2. They automatically remove the knobbed safety fork and safety 
cover as the after charge rolis out of the release trap. 

3. It keeps the weight of the forward charges off the detents in the 
release trap. 

4. Escapement. 

5. The Mk 7 and the letter-designated tracks. 

6. The Mk 7 and the letter-designated tracks. 

7. Squeeze the grip release on the handle. 

8. The pinion connects the two hvdraulic rams, so that they move 
equal distances in opposite directions. 

9. At the end of each half cycle. 

10. Bv transmitting hydraulic pressure from one unit to the other, it 
reproduces the motion of the bridge Controls in the track control. 

11. Because it is then less exposed to battle damage. 

12. In the after steering room. 

13. The arbor stem fits in the barrel of the projector, while the arbor 
tray holds the charge in launching position at the muzzle end of 
the barrel. 

14. Use an arbor with adjustable stops, so that you can align the 
charge’s center of gravity with the axis of the projector barrel. 

15. Open the breech and retract the firing pin. 

16. The hydraulic fluid should not be permitted to drop below the 
half-full mark. 

CHAPTER io 

HANDLING, SHIPPING, AND STOWING 

1. The midship section is not strong enough to support the weight 
of the torpedo. 

2. Personnel are needed to steady the torpedo at both nose and tail. 

3. This practice is helpful in discovering loose leads, backed-out 
screws, loose parts and tools, ete. 

4. Use the sluing bar and strap issued for this purpose. Never use 
the tail vanes to turn the torpedo. 
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5. When no other war heads or other equipment is stowed on top of 
them. 

6. Attach a Steel protecting ring to protect the war head flange from 
damage. 

7. Only in an extreme emergency. 

8. The torpedo record book goes in the box that holds the afterbody, 
the gyro, and the control valve. 

9. This will make it easy to get the hoisting strap around the flask 
again when it has to be lifted out of the box. 

10. With wood screws— not with nails. 

11. Set the torpedo firmly against the stop bolt, and tighten the tail 
stop so that the torpedo can’t move. 

12. Primary magazines are designed to stow a ship’s complete allow- 
ance of ammunition. Ready Service magazines are designed for 
temporary stowage of a small part of the ship’s ammunition. 

13. Whenever its temperature goes over 90° F. 

14. By covering them with wet burlap bags, or by sprinkling them with 
a hose. 

15. Only when fully ready torpedoes are stowed in racks on a sub- 
marine. 

16. Electric detonators must never be stowed near radio apparatus or 
antenna leads. 

17. In the OP’s, in the publications listed in the beginning of chapter 10 
and in chapter 12 of this course. 

CHAPTER 11 

ADVANCED UNDERSEAS WEAPONS 

1. Each can detect its target, guide itself to the target, and destroy it. 

2. Electric motor and storage battery. 

3. From ordnance pamphlets; at the B school in Newport; at the 
AUW school in Key West. 

4. A passive homing torpedo homes on target noises; an active hom- 
ing torpedo sends out noises and homes on the echo. 

5. Because one propeller makes less noise than two. 

6. The absence of the second propeller, the drive gears, the pallet 
mechanism, and the compressed-air depth and steering engines. 

7. A microphone designed to pick up underwater sounds. 

8. It protects the firing ship by keeping the homing circuits out of 
operation during the first part of the torpedo run. 
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9. The anti-circular run Circuit sinks the torpedo if it starts to circle 
while it’s near the firing ship. 

10. The safety cutout Circuit sinks the torpedo if the enabling feature 
or the ACR Circuit fails to function. 

CH APTER 12 

SAFETY 

1. Ordnance Pamphlets, Navy Regulations , Bureau of Ordnance 
Manual. 

2. Because familiarity sometimes leads to carelessness. The TM 3 
or 2 may have had enough experience to become familiar with 
explosives, acids, and electricity, but not enough experience to 
form reliable safety habits. 

3. Ask your senior petty officer or depart.ment head what it means. 
If he doesn’t know, he will find out for you. 

4. Under no conditions whatsoever. 

5. You can use a stiff brush and water and, if necessary, carbon 
tetrachloride. Do not use a Steel or wooden scraper, or soap or 
alkali. 

6. Only when you have specific authorization from BuOrd. 

7. Never. A hot running torpedo on deck will destroy itself, and 
seriously endangef all personnel in the area. 

8. Just before the valve enters the tube. 

9. Hot water only. Never use any other liquid inside the air flask. 

10. To keep the boat from drifting down against or over the torpedo. 

11. Keep your hands away from the valve; open it with a long stick. 

12. Pour the acid into the water. Never pour water into strong acid. 

13. Flush it off immediately, with plenty of water. If it covers a 
large area, get under the shower—quickly. 

14. The back-pressure arm-lift method, and the back-pressure hip-lift 
method. 

15. The back-pressure arm-lift method is preferred. Use the hip-lift 
method when there isn’t enough space for the arm-lift method, or 
when the victim has been injured on the arm, chest, neck, or 
shoulders. 
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APPENDIX II 


QUALIFICATIONS FOR ADVANCEMENT 
IN RATING 

TORPEDOMAN*S MATES (TM) 

RATING CODE NO. 0500 


Scop« 

General Service Rating 

Torpedoman’s mates maintain, test, repair, and overhaul under- 
water ordnance such as torpedoes and depth charges used on naval 
vessels and aircraft; maintain and repair torpedo firing equipment 
and depth charge release equipment; operate torpedo directors; super- 
vise stowage of underwater ordnance; serve on surface craft, on sub- 
marines and tenders, and at aviation activities and repair shops. 

Emergency Service Ratings 

Torpedoman’8 Mates T (Steam/Mechanical Torpedoes), 

Rating Code No. 0501_ TMT 

Test, maintain, and repair mechanical torpedoes, tubes, depth 
charges, and release mechanisms; operate torpedo fire control 
equipment. 

Torpedoman’s Mates E (Special/Electric Drive Torpedoes), 

Rating Code No. 0502_ TME 

Test, maintain, and repair torpedoes (electrically propelled/ 
electronically controlled), tubes, control equipment, and depth 
charges; test and maintain storage batteries. 

Novy Enlisted Classification Codes 

For specifio Navy enlisted classification codes included within this 
rating, 'mc J ttanual of Navy Enlisted Classifications f NavPers 15105 
(Revised), codes TM-0700 through TM-0799. 
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Qiialiflcatlons for advancement in rating 


Applicable rates 


TM 


TMT 


100 PRACTICAL FACTORS 

101 Operational 

1. Demonstrate abilitv to ready, fire, and 

secure a signal ejector, if aboard a sub- 
matine.- Know and' follow safety pre- 
cautions_ 

2. Locate and identify torpedo components, 

parts of torpedo mounts or submarine 
tubes #nd depth chargq projectors and 
release tracks by reference to associated 
drawings and diagrams___ 

3. Demonstrate knowledge of ordnance, 

high-pressure air, and hvdraulie safety 
precautions___ 

4. Demonstrate abilitv to operate a volt- 

meter, megger, and multimeter. ... 

5. Identify electrical symbols used in sche- 

matic diagrams of torpedoes and exploder 
mechanisms ....... 

6. Identify electronic component symbols. 

7. Operate a torpedo director_ 

8. Interpret electronic wiring and circuit 

diagrams found in equipment instruction 
books__ 

102 Maintenance and/or Repair 

1. Perform routine for upkeep of fully ready 

torpedoes, following a checkoff list; identi¬ 
fy and demonstrate proper use of tools 
required_ 

2. Inspect, clean, lubricate, and test depth 

charge tracks and release mechanisms on 
own ship_ 

3. Clean, lubricate, inspect, and test-operate 

a depth charge projector on own ship_ 

4. Perform operational tests and lubrication 

of a torpedo mount and/or tubes on own 
ship, following checkoff list_•._ 

5. .Clean, test, charge, remove, and replace 
torpedo batteries on own ship or station. 

6. Charge or boost a torpedo air flask, ob- 

serving safety precautions_ 


3 


3 


3 


2 


2 

1 

1 


2 


1 


1 



3 
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TME 


3 

3 

3 

3 


2 

3 

3 

3 

3 

3 

3 


eo eo 






















Applicable rates 


TM 

TMT 

TME 

102 Maintenance and/or Repair—C ontinued 




7. Perform routine inspection and main¬ 
tenance of depth charges on own ship_ 

3 

3 

3 

8. Demonstrate ability to solder_ __ 

3 

3 

3 

9. Demonstrate ability to sweat a water- 
tight or airtight flange, joint, stud, or 
lead _ _ _ _ 

* 

2 

2 

10. Perform ali tube post-firing routine on 

ownship__ . _ _ _ _ 

2 

2 

2 

11. Perform continuity, ground, and short 
circuit tests on a torpedo propulsion 
motor; test a torpedo propulsion motor 
for RPM; test and adjust a torpedo motor 
starting switch on own ship or station_ 

2 


3 

12. Disassemble and reassemble an after- 
body _ _ __ __ 

2 

2 

2 

13. Perform preliminary and final adjust- 
ments on a torpedo, following a checkoff 
list__ __ 

2 

2 

2 

14. Perform torpedo post-run treatment, 
foUowing checkoff list __ _ 

2 

2 

2 

15. Identify tools used in preliminary and 
final adjustments and post-run treatment 
of a torpedo and demonstrate proper usa 
of each_ __ __ _ _ _ _ __ 

2 

2 

2 

16. Disassemble, inspect, clean, calibrate, 
test, and reassemble a conti ol valve._ 

i 

2 

2 


17. Clean commutators and commutator 
heads, replace brushes on toipedo rotating 
electrical machinerv, such as motor or 
dvnamotor, on own ship or station__ 

2 


3 

18. Demonstrate ability to test, disassemble, 
inspect, clean, and reassemble a reducing 
and starting valve on own ship or station. 

1 

1 

1 

19. Perform all electrical and electronic Cir¬ 
cuit tests of a torpedo; replace parts and 
adjust and aline components on own ship 
or station_ _ — -- 

1 


1 

20. Disassemble, clean, inspect, reassemble, 
and test a depth, steering, and torpedo 
main engine on own ship or station_ 

1 

2 






















Qualiflcations for advancernent in rating 


102 Maintenance and/or Repair—C ontinued 

21. Test and prepare an exercise head for 

firing, on own ship or station_ ... 

22. Perform allowable repairs to torpedo 

gyros and gyro housings on own ship or 
station___ 

23. Boresight and aline a torpedo mount on 

own ship__ 

24. Perform casualty analysis on defective 

torpedo assembJies and effect repairs or 
replacements as required_ 

25. Install and make allowable tests and ad- 

justments to an exploder mechanism_ 

26. Make authorized tests and repairs to 

torpedo exploder mechanism test equip- 
ment (multimeter-type circuits)_ 

27. Trace electronic circuits and analyze Cir¬ 

cuit failures of a torpedo on own ship or 
station___ 

103 Administrative and/or Clerical 

1. Record required information in torpedo 

logs--- 

2. Prepare naval shipyard or tender work 

request or job order_ 

3. Maintain underwater ordnance logs and 

record sheets in current status_ 

4. Direct onloading and offloading of tor- 

pedoes_ 

5. Maintain a Current Ship’s Maintenance 

Project (CSMP)_ 

6. Organize work assignments and supervise 

personnel to accomplish maintenance and 
repair projects as directed_ 

200 EXAMINATION SUBJECTS 

201 Operational 

1. Methods of recovering torpedoes_ 

2. Identifieation of parts, using assembly 

drawings_____ 

3. Types of information shown and mean- 

ings of electrical symbols used in sche- 
matic diagrams of torpedoes and exploder 
mechanisms_ 

























Qualiflcations for advancement in rating 

Appllcable rates 

TM 

TMT 

TME 

201 Operational—C ontinued 

4' Identification of Standard electronic parts 
symbols used in schematic drawings_ 

1 


3 

5. Elements of torpedo fire control surface 
problem_ 

1 

1 


202 Maintenance and/or Repair 

1. Operating principies of hydraulic manual 
release Controls for depth charge tracks_ _ 

3 

3 

3 

2. Methods of testing projector firing cir- 
cuits; characteristics of projector impulse 
charges and projector safety precautions. _ 

3 

3 

3 

3. Characteristics of and safety precautions 
for handling primers, black powder, 
detonators, boosters, TNT, and HBX_ 

3 

3 

3 

4. Soldering materials and soldering methods 
used in torpedo maintenance and repair. _ 

3 

3 

3 

5. Types, structure, electrical characteristics 
of, and maintenance procedures for bat- 
teries___ _ 

3 


3 

6. Ordnance, high-pressure air, and hy¬ 
draulic safety precautions_ 

3 

3 

3 

7. RMA color coding systems for resistors 
and capacitors____ 

i * 


3 

8. Methods and equipment used in electrical 
tests for continuity, grounds, and short 
circuits_ ___ 

! 


3 

9. Electrical and physical characteristics of 
electric motors and dynamotors__ 

! 2 


3 

10. Calculate current, voltage, and resistance 
in series and parallel circuits containing 
not more than four elements_ 

i 

j 

2 


3 

11. Types of depth charges and depth charge 
pistols; purpose of testing booster extend- 
ers and depth charge pistols; methods of 
laving or projecting depth charges_ 

2 

2 

2 

12. Effects of moisture and salt water on 
torpedoes and corrective measures re- 
quired____ 

2 

2 

2 

13. Types of torpedo lubricants and preserv- 
atives and proper use of each_ 

2 

2 

2 

14. Principi e of operation of trainable torpedo 
tubes and mounts_ 

2 

2 
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Quali fi eat ion s for advancenient in rating 

Applicable rates 

TM 

TMT 

TME 

202 Maintenance and/or Repair—C ontinued 

15. Principi e of operation of fixed torpedo 
tubes_ 

2 

2 

2 

16. Principies of operation of gyroscopes and 
gyro housings and their application in 
torpedoes_ 

2 

2 

2 

17. Operating principies of steam-type tor¬ 
pedoes_'_ 

2 

2 


18. Application of laws of magnetism to d. c. 

motors and generator s_ 

19. Function of the following in pneumatic 

Systems: 

a. Pneumatic gauges_-_ 

2 

2 

2 

! 3 

b. Check valves_ 

■' 2 

2 


c. Reducing valves_ 

2 

2 


d. Starting valves __ 

2 

2 


e. Manifolds_ _ _ 

2 

2 


f. Control valves __ _ ___■ _ _ 

2 

2 


20. Methods of testing resistors, potentiom- 
eters, capacitors, transformers, and vac¬ 
uum tubes_ __ _ 

2 


3 

21. Function of transducers, servo svstems, 
amplifiers, relay control circuits, and 
vibrators in torpedo electronic svstems_ 

1 


2 

22. Calculate phase angle and impedance in a 
series circuit and a parallel circuit, each 
containing not more than four elements_ _ 

1 


2 

23. Safety features of a pre-enabling circuit. _ 

1 


1 

24. Operating principies of reducing, control- 
ling, and starting valves; method of test¬ 
ing a reducing valve _ __ 

1 

1 


25. Construction of a torpedo gyro and gyro 
housing_ _ _ 

1 

1 

1 

26. Application of resistors, potentiometers, 
capacitors, transformers, and vacuum 
tubes in oscillating, switching, detector, 
automatic volume control, rectifier, feed- 
back network, and d. c. amplifier and a. c. 
amplifier circuits __ _ _ __ _ 

C 


1 

27. Purpose and method of alining torpedo 
niomits__ _:_ 

C 

C 
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Applicable rates 


Qualifications for advaneement in rating 

TM 

TMT 

TME 

203 Administrative and/or Clerical 

1. Tvpes of information found in ordnance 
pamphlets (OP’s).... 

3 

3 

3 

2. Puipose of Torpedo Record Book_ 

3 

3 

3 

3. Precautions in recovery, onloading, and 
offloading of torpedoes_ 

C 

C 

C 

4. Periodic reports required for underwater 
ordnance and current records maintained 
and types of information found in each_ 

C 

C 

C 

5. Types of information found in the foliow- 
ing publications: OD, OCL, OHI, OMI, 
OML, ORDALTS, NavOrd Instructions 
and Notices, and NavOrd Allowance 
Lists; type of information found in and 
use made of NavOrd OD 3000. Purpose 
and scope of BuOid Manual as stated in 
chapter 1____ ___ 

C 

C 

C 


300 PATH OF ADVANCEMENT TO WARRANT OFFICER 
AND LIMITED DUTY OFFICER 

Torpedoman’8 Mates advance to Warrant Underwater Ordnance 
Technician and/or Limited Dutv Officer, Ordnance. As an 
alternate, Torpedoman’s Mates advance to Warrant Mine 
Warfare Technician and/or to Limited Duty Officer, Ordnance. 
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Above-water tubes, 118-161 
fixed mounts, 136-147 
maintenance, 153-159 
repairs, 160 
trainable 

after-firing procedure, 148 
firing from, 147-149 
mounts, A. W., 120-136 
Acoustic torpedoes, 320 
Adjustments, torpedo, 73, 87, 98- 
109 

final, 105 
preliminary, 99 

Advanced underseas weapons. 
See Weapons 

Advancement in rating, qualifica¬ 
tioris for, 1, 317, 367-373 
After-run treatment, 73, 109-112 
Air flask 

and fittings; safety precautions, 
336-338 
charging, 87-92 
Ammeter, 34-36 

Ammunition Handling (NavPers 
16194), 302 

Ammunition, projector; safety 
precautions, 345 
Antisubmarine attack, 248-256 
Arm-lift method, back-pressure; 

artificial respiration, 351, 355 
Artificial respiration, 351-356 

Batteries 
Mk 2, 57-61 
storage; torpedo, 42-47 
Battery compartment, torpedo, 
53-65 
Booster 

and booster extender, depth 
charge, 258 
operation of, 259 
charges, torpedo; shipping, 
stowage, 313 


Breech door mechanism, sub- 
merged tubes, 167-170 
Bureau of Ordnance Manual , 302, 
331, 344 

Bureau of Ordnance Safety Pre¬ 
cautions, 331 

Bureau of Ships Manual , 302 
Burns, first aid, 347-349 

Charging air flask, 87-92 
Chemicals 
burns; first aid, 347 
safety precautions, 341, 342 
Circuits, electric, 12-24 
parallel, 18 
series, 13 
series-parallel, 21 
Circuits, electric; torpedo tube 
control, 146 
firing, 146 
heater, 146 
indicator, 146 
lighting interlock 146 
Cold weather precautions, 115 
Color code, resistor, 25-27 
Control oflicer, torpedo; duties of, 

150 

Control talker, torpedo, duties of, 

151 

Control, torpedo; electric Circuit, 
146 

Controls, release; track, 285-294 
Cooling, underwater ordnance 
magazines, 309 
Current, electric, 209 
unit of, 5 

Data computer, torpedo, 240-242 
Deep-firing mechanism, 264-268 
Definitions, torpedo control 
terms, 213-216 
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Depth charges, 247-273 
booster and extender, 258 
operation of, 259 
detonators; stowage, 313 
hydros tat ic mechanisms; test- 
ing, 270 

impulse charges, 312 
K-guns, 294 
maintenance, 272, 273 
pistols 

hvdrostatic, 247, 261 
influence, 248 

projectors, 294-300, 343-345 
safety features, 269, 342 
storage and handling, 342 
stowage, 270, 271 
traeks, release, and Controls, 
275-294 
types of, 251 
working parts, 256 
Depth-setting mechanism, 132, 
178-180 

Diagrams, scheinatic and wiring, 
8 

Director, torpedo;fire control, 216 
inputs, 220 
outputs, 221 
setting up, 227 

Disassembly and overhaul, tor¬ 
pedo, 72-86 

information, sources of, 74 
Draining, tube, 173-175 
Drills, firing; general quarters, 
149-153 
Duties of 

control officer, 150 
control talker, 151 
director operator, 150 
gyro setter, 152 
tube mount captain, 151 
tube trainer, 152 

Electric 

circuits, 12-24 
torpedo tube, 146 
current, 2-9 
firing, 135 

Digit 


Electric—Continued 
torpedoes, 50-71 
safety precautions, 339, 340 

Electric-hvdraulic release control 
svstem, 290-294 

Electrici ty, 1-47 

Elcctricity (NavPers 10622-B), 
47, 317, 319 

Electronic torpedo Controls, 318- 
320 

Electronics Technician 3 (Nav¬ 
Pers 10188), 47, 317 

Escapement-type release traeks, 
281 

Exercise firing, safety precautions, 
338, 339 

Exploder mechanisms and deton- 
ators, safety precautions, 340 

Explosi ves, safety precautions, 
333, 334 

Fire control 

course indicator, 230 
director, torpedo, 216 
inputs, 220 
outputs, 221 
setting up, 227 
submarine torpedo, 238-245 
terms defined, 240 
with fixed A. W. tubes, 238 
torpedo, 201-245 

terms defined, 213-216 
triangle, 201-213 
tube sights, 234-237 

Firing 

depth charge, 255 
drills; general quarters, 149- 
153 

electric, 135 

exercise; safety precautions, 
338, 339 

from above-water trainable 
tubes, 147-149 
hammer, 133 
mechanical, 135 
mechanisms 
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Firing—Continued 

Mechanisms—Continued 

above-water tube mounts, 
133, 141-144 

submerged tubes, 184-191 
First aid, 346-350 
Fixed above-water tube mounts, 
136-147 

Flood-and-drain system, 173-175 

General quarters; firing drills, 
149-153 

Gyro setter, duties of, 152 
Gyro-setting mechanisms 
submerged tubes, 181-184 
trainable A. W. tube mount, 
127, 129 

Handling, shipping, and stowing 
torpedoes, 302-314 
Hip-lift method, back-pressure; 

artificia! respiration, 352, 355 
Hdming torpedo, description of, 
325-329 
Hydraulic 

control system, track, 287-290 
training unit, A. W. tube 
mount, 125 

maintenance of, 159, 160 
Hydrophones, 324 
Hydrostatic 

depth charge pistol, 261 
mechanisms; testing, 270 

Impulse charges, torpedoes and 
depth charges, 312 
Indicator, torpedo course, 230 
Interlock mechanisms; tubes 
above water; safety factor, 145 
submerged, 169, 190 

K-guns, depth-charge, 294 

Launching depth charge. See 
Projectors and Tracks 
Letter-designated release tracks, 
282-285 

Lubrication, 92-98 
procedure, 95 


Magazines 

and explosives; safety orders 
and instruetions, 333, 334 
underwater ordnance; cooling, 
ventilation, 309 
Maintenance and/or repair 
above-water tube, 153-160 
depth charge, 272, 273 
hydraulic unit, 159, 160 
submerged tubes, 197-199 
torpedo, 87-98, 113 
track, release, 298, 299 
Mk 18 torpedo, 51-71 
Mk 23 Mod 2 tube mount, opera- 
tion, 146, 147 

Mark-designated release tracks, 
275 

Mk 3 type, 278 
Mk 6 Mod 0, 281 
Mk 9 type, 275-278 
Mechanical 
firing, 135 

systems, submerged tubes, 162- 
164 

Megger (megohmmeter), 40 
Meters, 30-42 

Mines, storage and handling, 
safety precautions, 342 
Muzzle door mechanism, sub¬ 
merged tubes, 170-173 

Nat;?/ RegulationSy 344 

Ohmmeter, 36-40 
Ohn^s law, 9-12 
Overhaul, torpedo, 72-75 
air flask section, 78-86 
exercise head, 75-78 

Parallel and series circuits, 12-24 
Pistols, depth charge, 247, 261 
hydrostatic, 247, 261 
influence, 248 

Poppet valve system, submerged 
tubes, 191-195 
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Preservation (see also Mainte- 
nance), 92, 94 

Pressure, electrical; unit of, 5 
Projectors 

ammunition; safety precautions, 
345, 346 

depth charge, 294-300 
maintenance, 299 
safety precautions, 343-345 

Ready condition, 99 
Release tracks, depth charge, 
275-294 
Controls, 285 

electric-hydraulic, 286, 290 
hydraulic, 285, 287 
local, 286 

escapement-type, 281 
letter-designated, 282 
maintenance, 298 
Mark-designated, 275 
Repairs. See Maintenance 
Resistance, electrical; unit of, 6 
Resistors, 24-30 
Respiration, artificial, 351-356 

Safety precautions or regulat ions, 
314, 331-356 

air flask and fittings, 336-338 
Chemicals, 341, 342 
depth charges, 269, 342 
detonators, 340 
exercise firing, 338, 339 
exploder mechanisms, 340 
explosives, 333, 334 
magazines, 333, 334 
projectors, 343-346 
torpedoes, 335, 336 
electric, 339, 340 
homing, 327-329 
tubes 

above-water; interlock mech- 
anism, 145 

submerged; strongback, 168 
Salvo fire, submarine, 245 
Schematic diagrams, electrical cir- 
cuits, 8, 9 


Series and parallel Circuits, 12-24 

Shallow firing, 264 

Shipping 

booster charges, 313 
torpedoes, 305-308 
Shock 

electric; first aid, 350 
treatment, 349 
Sight (s) 
angle, 221, 238 
tube, 234-237 
Sound 

energy, 320 
frequency of, 323 
speed of, 322 
underwater, 320-324 

detection of; transducers, 324 
waves; spread of, 321 
Speed-setting mechanisms, 132, 
180 

Sprinkler Systems, magazine, 309 
Stop mechanisms; torpedo tubes 
above-water, 123, 124, 144 
submerged, 175-177 
Storage. See Stowage 
Stowage 

booster charges, 313 
depth charge, 270, 271, 342 
detonators, 313 
magazine 

torpedo components, 310-314 
underwater ordnance, 308- 
310 

mines, 342 
projectors, 343-346 
torpedoes, 302, 308-314 
Submarines 

attack on. See Depth charges 
firing tactics of, 210 
salvo fire, 245 

torpedo fire control, 238-245 
terminology, 240 
Submerged tubes, 118, 162-199 
breech door mechanism, 167- 
170 

depth-setting mechanism, 178- 
180 
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Submerged tubes—Continued 
firing mechanism, 184-191 
flood-and-drain System, 173- 
175 

gyro-setting system, 181-184 
interlock mechanism, 169 
maintenance, 197-199 
mechanical systems, 162-164 
muzzle door mechanism, 170- 
173 

operation, 164, 195 

poppet valve system, 191-195 

repairs, 196 

speed-setting mechanism, 180 
stop mechanism, 175-177 
strongback, safety device, 168 
tripping-latch mechanism, 177, 
178 

Talker, torpedo control; duties of, 
151 

Target 

angle dial, 236 
bar, 235 

bearing receiver, 217 
before and after sighting, 227- 
230 

model, 236 
speed, 220 

Telescope and pivot, 217-220 
Testing, depth-charge hydrostatic 
mechanisms, 270 

Torpedo Workshop Equipment and 
Tools (OP 1217), 302 
Torpedo (es) 
acoustic, 320 

adjustments, 73, 87, 98-109 
batteries, storage, 42-47 
booster charges; shipping, 
stowage, 313 
data computer, 240-242 
definition, 317 
detonators, stowage, 313 
disassembly and overhaul, 72- 
86 


Torpedo (es)—Continued 
electri c, 50-71 

afterbody and tail sections, 
69 

air system, compressed, 69 
battery compartment, 53-65 
description, general, 51-54 
motor, 65-69 
propellers, 69 

electronic Controls, 318-320 
fire control, 201-245 
course indicator, 230 
director, 216-230 
submarine torpedo, 238-245 
terms, defined, 213-216, 240 
triangle, 201-213 
firing from above-water train- 
able tubes, 147-149 
homing, 325-329 
impulse charges, 312 
maintenance and/or repair, 87- 
98, 113 
Mk 18, 51-71 

officer, control; duties of, 150 
safety precautions, 335, 336, 
339, 340 

Torpedoman'8 Mate E 1 &C (Nav- 
Pers 10159), 47 

Torpedoman f 8 Mate E 3 & 2 (Nav- 
Pers 10053), 47 

Tracks, release; depth charge, 
275-294, 298, 299 
Transducers, 324 
Triangle, torpedo fire, 201-213 
Tripping-latch mechanisms, 
tubes, 135,177,178 
Tube(s) 

above-water, 118-161 
mounts 

captain; duties of, 151 
fixed, 136-147 
trainable, 120-136 
trainer; duties of, 152 
draining, 173-175 
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Tube(s)—Continued 

maintenance and/or repair, 
153-160, 196-199 
• sights, 234-237 

submerged, 118, 162-199 
breech door mechanism, 167 
depth-setting mechanism, 178 
firing mechanism, 184 
flood-and-drain system, 173 
gyro-setting system, 181 
muzzle door mechanism, 170 
poppet valve system, 191 
speed-setting mechanism, 180 
stop mechanism, 175 
tripping-latch mechanism, 177 


Underseas weapons, advanced. 
See Weapons 

Underwater sound, 320-324 

Units, electric current; explana- 
tion of, 5-8 

Upkeep routines, 73, 113-115, 
154-159 

Ventilation, underwater ordnance 
magazine, 309 

Voltmeter, 32-34 

Weapons, advanced underseas, 
316-329 

Wire-wound resistors, 28 
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